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LOOK! Here show you 
master electronics. 

This new style course will enable anyone to 
have a real understanding of electronics by a 
modern, practical and visual method. No 
previous knowledge is required, no maths, and 
an absolute minimum of theory. 

You learn the practical way in easy steps 
mastering all the essentials of your hobby or to 
further your career in electronics or as a self- 
employed electronics engineer. 

All the training can be carried out in the 
comfort of your own home and at your own 
pace. A tutor is available to whom you can 
write, at any time, for advice or help during 
your work. A Certificate is given at the end of 
every course. 




1 Build an 
oscilloscope. 

As the first stage of your training, you 
actually build your own Cathode ray 
oscilloscope! This is no toy, but a test 
instrument that you will need not only 
for the course's practical experiments, but 
also later if you decide to develop your 
knowledge and enter the profession. It 
remains your property and represents a 
very large saving over buying a similar 
piece of essential equipment. 


2 Read, draw and 
understand 
circuit diagrams. 

I n a short time you will be able to 
read and draw circuit diagrams, under¬ 
stand the very fundamentals of television, 
radio, computers and countless other 
electronic devices and their servicing 
procedures. 


3 Carry out over 
40 experiments 
on basic circuits. 


We show you how to conduct 
experiments on a wide variety of different 
circuits and turn the information gained 
into a working knowledge of testing, 
servicing and maintaining all types of 
electronic equipment, radio, t.v etc. 
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All students enrolling in our courses receive 
a free circuit board originating from a 
computer and containing many different 
components that can be used in experiments 
and provide an excellent example of current 
electronic practice. 


To find out more about how to learn electronics in a new, exciting and absorbing way, just clip the 
coupon for a free colour brochure and full details of 'enrolment. 

British National Radio & Electronic School 

P.O. Box 156, Jersey, Channel Islands. 

NAME _____ 

ADDRESS __ 


. Block caps please I 





























WIRE WR/1PPING CENTRE 



WIRE-WRAPPING TOOL 

For .025" (0.63mm) sq. 
post "MODIFIED” wrap, 
positive Indexing, antl- 
overwrapping device. _ 

A| For AWG 30 I BW-630 I 

b I For AWG 26-281 BW-2628 | 



AE24-77 BE29-58 C£2-61 D£6-89 


Bit for AWG 3 



colours of wire. Quick and 
easy to use pocket size. 

£3.77 



FROM 75p 

TERMINAL AND 
DISTRIBUTION STRIPS 

Bread boarding building 
blocks with universal 
matrices of solderless 
plug-ln tiepoints. 

• Facilitate quick, 
solderless circuit build-up 
and check-out on 
universal .1" x .1" matrix. 


Are offered In ten 
configurations. 

' Accept all components 
with leads up to .032" 
diameter. 

' Require no special patch 


DIP/IC INSERTION TOOL WITH PIN STRAIGHTENER 
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DIP/IC EXTRACTOR 
TOOL 

The EX-1 Extractor is 
ideally suited for hobby 
enthusiast or lab engineer. 
Featuring one piece spring 
steel construction. It will 
extract all LSI, MSI and 
SSI devices of from 8 to 



OK PLIERS AND 
CUTTERS 

UNIVERSAL CUTTER 

Cuts everything. Leather, 
wire, plastic, tin-plate. 



WIRE-WRAPPING KIT 

Contains: Hobby Wrap 
Tool WSU-30 M, Wire 
Dispenser WD-30-B, (2) 
14 DIP’S, (2) 16 DIP’S, 
■"y Board H-PCB-1, 
C Insertion Tool 

_416 and DIP/IC 

Extractor Tool EX- ’ 


Hobby B 
DIP/IC It 


I Wire-Wrapping 


I ^l^u'e)^| 



....j tool tor 
J on .025 (0,63mm) 
Square Post. 



■ Solve probe attachment I 
problems. 

■ Simplify prototype <- 

production testing, field 
service work, and quality 


WSLI-30M £4-69 


1C TEST CLIPS 

FOR DUAL-IN-LINE 

PACKAGES 

■ Provide full access to 
integrated circuit DIP 
leads. 

■ Remove DIP’S damage 
free. 

■ Available In sizes to 
accommodate all DIP’S; 
TC-14 fits 14-pln DIP’S 


DIP SOCKET 

Dual-ln-llne package, 3 
level wire-wrapping, 
phosphor bronze contact, 
70ld plated pins . 025 
'0.63mm)s- ’ 



OK/Hachine&ToolU.K. pismit, ^ 
Limited ' ' 

48aThe Avenue Southampton SOI 2SY 

TelephoneSouthampton(0703)38966/7 Telex477222 CablegramOKMAC_ 
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The latest kit 
inn ovation! 

C*nPHTHFfH 



the quickest fitting 

CLIP ON - 

capacitive discharge || 
electronic ignition 
in KIT FORM ^ 

e Smoother running /^/ 
e Instant all-weather starting \ \ 
e Continual peak performance ' 
e Longer coil/battery/plug life 
e Improved acceleration/top speeds 



THE KIT COMPRISES EVERYTHING NEEDED 

HSiHflSHSSSSSa"" 



ll 

1 PLEASE STATE POLARITY PCS OR NEG EARTH®Hj 

Access or Barclaycard No._ 


TACHS FUSE SWVE UNIT £3.35 


fe MIGHTY MIDGETS 


M I INI I A T I 


ACCESSORIES 



From your Local Dealer or Direct from Manufacturers 

S^R BREWSTER LP 

86-88 Union St Plymouth PL13HG 

Tel;0752 65011 


TECHNICAL TRAINING 
IN ELECTRONICS AND 
TELECOMMUNICATIONS 


City and Guilds Certificates: 
Telecommunications Technicians 
Radio, TV, Electronics Technicians 
Technical Communications 
Radio Servicing Theory 
Radio Amateurs 
Electrical Installation Work 
MPT Radio Communications Certificate 

Diploma Courses; 

Colour TV Servicing 
Electronic Engineering and Maintenance 
Computer Engineering and Programming 
Radio, TV, Audio Engineering and Servicing 
Electrical Engineering, Installation 
and Contracting 


POST OR PHONE TODAY FOR FREE BOOKLET 
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P.C.B.'s and COMPONENTS 
for f.f. PROJECTS 


Prices shown are for kits of on board mounted components inclu- 
dina potentiometers but excluding hardware and transformers. 
Send s.a.e. for full details naming kit. All prices below include 
VAT. P 4 P 30p. 

Components P.C.B 

P.C.B. 


GetonflCEupuoursleeue! 


Jan Metronome 

Touch Switch 
Code Scrambler 
Rapid Diode Check 
Feb Car Alarm 
Lead Tester 
Chaser Light Display 
AC Meter Converter 
Mar Audio Tester 

C.R. Substitution Box 
Catch-a-light 
Weird Sound 
Apr Roof Rack Alarm 

Mains Delay Switch 
Pocket Timer 
May Flashmeter 
Mains Tester 
Teach-in Power Amplifier 
Power Pack 
* P.C.B.’s designed by TAMTRONIK t( 
E.E. specified dimensions. 


TAMTRONIK LTD. (DEPT. E.E.) 
217, Toll End Road, Tipton, 
West Midlands, DY4 OHW. 
Telephone: 021-557 9144 


3 

I Buy it with Access 


Bean 
ELECTRONIC 


Do something PRACTICAL about your future. 

Firms all over Britain are crying out for qualified people. With 
the right training, you could take your pick of these jobs. 

Now, the British Institute of 
Engineering Technology will train 
you in your spare time to be an 
Electrical Engineer. 

You risk nothing ! We prom¬ 
ise to get you through your 
chosen course-or. refund your 
fee! 

So, join the thousands who 
have built a new future through 
home study Engineering courses. 


Courses in 

C & G Elect. Technicians 
C & G Elect. Installations 
Telecomms. Technicians Exams 
Television Servicing 
Radio Maint.& Repairs (BIET) 
Pract. Radio & Electronics 
Plus over 60 other ^ 
home study courses. 


POST COUPON FOR FREE 44 PAGE GUIDE 


BRITISH INSTmnX OF 
ENGINEERING TECHNOLOGY 

Aldermaston Court, Dept, tee 3k Reading RG7 4PF. 

NAME (Block capitals please)_ 

ADDRESS_ 


Accredited by CACC Member of ABCC Jj 
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15—240 Watts! 


HY5 

Preamplifier 


HY30 

15 Watts 
into 8a 


HY50 

25 Watts 
into 8a 


HYI20 

60 Watts 
into 8a 


HY200 

120 Watts 
into 8a 


HY400 

240 Watts 
into 4a 


POWER 

SUPPLIES 







IT, CT4 TAD. 


I.L.P. ELECTRONICS LTD., Sl-SS. .,... 

' 1 Enclose Cheque □ Postal Orders 13 Money Order □ 

CROSSLAND HOUSE, NACKINGTON, ^ Barolaycard account n 

CANTERBURY, KENT, CT4 TAD. NameTnd'lrJss-- - 
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There is never a dull moment in our 
hobby, for one never knows just what 
to expect next in electronics. This 
certainly applies to the “Games Area”. 
Imitation or simulation of traditional 
parlour games has been going on for 
a long time. But perhaps even more 
interesting are the new games that 
owe their creation entirely to elec¬ 
tronic circuitry. One such new creation 
is Quagmire, which we present this 
month. This is an excellent example of 
logic design applied skilfully and 
imaginatively in order to produce an 
unusual and gripping amusement for 
from two to four players. 

Though the “end product” will 
undoubtedly be the main concern of 
constructors, detailed examination of 
the circuit will be rewarding for any¬ 
one wishing to learn more about logic 
techniques. The Quagmire design uses 
four different types of cmos inte¬ 
grated circuits; these are connected 
up to achieve a variety of functions, 
such as bistable and astable multi¬ 
vibrators. logic gates and switches. 

When these basic circuit blocks are 
recognised the overall circuit does not 
appear so formidable. Yet, though one 
can trace out the diagram and follow 
its course without too much diffi¬ 
culty, there does remain a nice 


element of unpredictability in its 
operation. This has been intentionally 
“designed in” for realism. 

No such unpredictability in opera¬ 
tion is allowed in the Auto Nightlight 
design—quite the contrary. This device 
should help make life a little easier 
for parents, since it will automatically 
maintain a subdued level of illumina¬ 
tion in a child’s bedroom — for 
example. 

Other applications for this useful 
dusk-to-dawn light will come to mind. 

Our Short Wave Radio will stir 
memories amongst some of our 
readers. Its front panel and chassis 
construction follows the traditional 
style of the valve era. More than that, 
the first stage uses a type of semi¬ 
conductor that nearest resembles the 
thermonic triode in operation. We 
hope readers from both the “top” and 
“bottom” regions of the generation 
band will obtain equal pleasure from 
searching around the short waves. The 
valve may have disappeared (almost) 
but the fascination of S.W. Listening 
never diminishes. 



Our August issue will be published on Friday, July 21. See page 573 for details. 



Readers' Enquiries 

We cannot undertake to answer readers' letters requesting modifications, 
designs or information on commercial equipment or subjects not published 
by us. All letters requiring a personal reply should be accompanied by a 
stamped self-addressed envelope. 

Telephone enquiries should be limited to those requiring only a brief reply. 
We cannot undertake to engage in discussions on the telephone, technical 
or otherwise. 

Component Supplies 

Readers should note that we do not supply electronic components for 
building the projects featured in EVERYDAY ELECTRONICS, but these 
requirements can be met by our advertisers. 
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T his device was designed to 
switch on a low-powered 
nightlight in a child’s room. It is 
completely automatic so that it 
will switch on the lamp when dark¬ 
ness has reached a preset level. 
Although the system is quite 
simple, it performs very well, pro¬ 
viding as it does a comforting 
glow. 

The circuit employs a well- 
known i.c. in a popular and impor¬ 
tant configuration. 


COMPARATOR 

The circuit, it will be seen, con¬ 
sists of five “blocks”, the most im¬ 
portant one of which is the “com¬ 
parator.” This is the electronic 
brain of the system, for, having 
been given certain electronic infor¬ 
mation, it decides whether the 
nightlight should be alight or 
switched off. The comparator is 
fed by two reference voltages. One 
of these, y,er, is fixed at half of the 
supply rail voltage; the other refer¬ 
ence y»eu«e is determined by the 
ambient light level falling onto an 
electronic “eye”—in other words 
it is light-dependent. 

The output of the comparator 
drives a solid - state transistor 


By A. R. Winstanley 

1^—^ SAFETY FIRST ■■ ' 


The following points are detailed 
separately for emphasis. 

1. It is most advisable that a metal 
case is used for the main unit 
because of R1 which gets warm 
during normal operation. There is 
a very remote chance that if a 
plastics case were used, it could 
soften or even melt if the resistor 
were placed close to the case. 
With the metal case specified in 
the text, the heat dissipated by 
R1 is totally unnoticeable and it 
is quite safe. 

2. Concerning the use of an aerosol 
top for a lamp diffuser, it would 
be most unwise to use either: a 
smaller aerosol top than that 
detailed in Fig. 5 (a) or a lamp of a 
wattage in excess of 2 2W. Whilst 
the prototype lamp unit gets 
barely warm in use, and is there¬ 
fore safe, it is possible that the 
polythene could soften if a smaller 
diffuser andjor higher power bulb 
was employed. 

If the text is followed carefully then 
no problems at all should be 
experienced. 


Fig. 1. Circuit of the Auto Nightiight. 


switch (for high reliability and 
noiseless operation) which applies 
power to the actual lamp. 

If the reference voltage (F.ef) is 
greater than the sense voltage 
(y,eu»e) then the nightlight is off; 
similarly if the sense voltage is 
greater than the reference voltage 
then the nightlight switches on. 


CIRCUIT DESCRIPTION 

The circuit diagram of the Elec¬ 
tronic Nightlight appears in Fig. 1. 
It has been divided into sections to 
correspond with the block diagram. 

The circuit is centred around 
ICl, an /iA741C operational ampli¬ 
fier integrated circuit (normally 
abbreviated just to “741”). This 
device is used in its comparator 
mode, for it compares two signals. 

The 741 has two inputs, these 
being designated the inverting in¬ 
put (negative symbol) and non¬ 
inverting input (positive symbol). 
The entire principle of operation 
of the nightlight is this: if the volt¬ 
age at the inverting input exceeds 
that at the non-inverting input, 
then the output of the IC2 is low 
—near zero volts. However, if the 
potential at the non-inverting input 
happens to be greater than that at 
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the inverting input, then the out¬ 
put swings high, almost to the volt¬ 
age of the supply rail. 

If the voltages at the two inputs 
should be the same, then the out¬ 
put remains low. But it only takes 
a difference of a few millivolts to 
exist between the two inputs and 
the high gain of the i.c. will 
amplify this so much that the out¬ 
put will swing to either high or 
low (depending of course on its 
previous state) in a very short 
time. 

The inverting input in this de¬ 
sign is permanently clamped to a 
potential of 6 ■ 2V (± 5 per cent) by 
means of a Zener diode D5 and its 
associate current-limiting resistor 
R3. The current flowing through 
the Zener is 5mA and so it dissi¬ 
pates 30mW. 

The voltage at the other input, 
however, depends on the level of 


light being received by PCCl, an 
ORP12 light-dependent resistor— 
the “electric eye” of the system. 


POTENTIAL DIVIDER 

R2, VRl and PCCl form a poten¬ 
tial divider, they split up the 
supply rail into a series of lesser 
voltages. It can, to make things 
easier, be assumed that VRl is set 
to halfway, and can therefore be 
replaced by a fixed resistor of 
about 100 kilohms. 

Fig. 2 shows how the sense volt¬ 
age (i.e. the voltage at the non¬ 
inverting input) varies by potential 
divider action as the light level 
changes. 

In Fig. 2a there is no light falling 
on the l.d.r. and so its resistance is 
in the order of 10 megohms. There¬ 
fore, because the supply rail is at 
12V, the output of the potential 
divider is about IIV, as the calcula¬ 
tion in the diagram shows. 


Similarly, in Fig. 2b a large 
amount of light is falling on the 
l.d.r. and so its resistance is about 
50 ohms, giving an output of about 
6mV. 

Hence when it is light, the volt¬ 
age at the inverting input is 6'2V 
but the non-inverting input is at 
less than lOmV—therefore the out¬ 
put of ICl is low and the lamp 
is off (but see later). 

When the ambient light level 
falls, the resistance of the l.d.r. in¬ 
creases so that the potential at the 
non-inverting input eventually 
equals and then exceeds the 6-2V 
reference voltage at the inverting 
input, so that the output of ICl 
swipgs high. 

Because the resistance of the l.d.r. 
changes very slowly in this applica¬ 
tion, the output of ICl does not 
rapidly switch from low to high, in 
practise it takes from about 30 


seconds to one minute for the lamp 
to reach full brightness. 

TRANSISTOR SWITCH 

The output of ICl drives a 
simple medium power transistor 
switch (TRl) which allows current 
to flow through LPl, which is the 
lamp forming the nightlight. The 
lamp is rated at 12V 0 18A, and 
so has a low power of about 2-2W. 
This may seem to be insufficient 
but proves to be, if anything, a 
little too bright for some rooms. 

The transistor switch design is 
very flexible, and so the lamp may 
be replaced by a 12V O lA type 
without modification. If on the 
other hand the lamp is not bright 
enough, then a second 12V 0 18A 
lamp may be added directly in 
parallel with LPl, again without 
modification. (No harm will result 
from drawing too much current 
from the i.c. because the output of 
ICl is short-circuit proof, and 
current-limits at about 20mA. 


The completed Auto Nightlight 
showing the control unit, sensor and 
light housing. 

Unfortunately, when the output 
is described as “low” it is not quite 
at zero volts—in fact it still has a 
potential of over one volt. This 
would be enough to switch on the 
transistor, as only 0-65V is re¬ 
quired to turn the transistor hard 


on, illuminating the lamp. Indeed, 
in practise the lamp would remain 
on all the time! 

To overcome this problem, two 
silicon diodes D6 and D7 have been 
included in the circuit. When they 
are carrying current, the diodes 
each drop 0-6V across themselves; 
so that together they will drop 
about 1-2 volts, and so removing 
any drive to the transistor when 
ICl output is “low”. 

POWER SUPPLY 

The circuit operates from a 12V 
d.c. rail, and draws a maximum of 
200 mA. Therefore battery opera¬ 
tion is really out of the question, 
and so the rail is derived from a 
mains power supply. 

Mains voltage is “stepped down” 
by Tl, the secondary of which is 
wired to give 9V a.c. at 670mA. 
This alternating voltage is recti¬ 
fied by D1-D4 to give a d.c. voltage 
which contains a very high a.c. 
ripple content. This is smoothed out 





(a) 


(b) 


SENSE = VRH-R2+PCC1 ^ 




■ (2-2kn + mkn+i 

= 5-8 mV 


Fig. 2. How the sense voltage is derived, (a) no light falling on PCCl. (b) large amount of light on PCCl. 
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HOW IT WORKS 





The Light Sensor is a light-dependent resistor (l.d.r.). Together with the 
Sensitivity Control VR1 it forms a potential divider across the 12V supply. 
Voltage is tapped off this divider and applied to one input of the Com¬ 
parator Amplifier. 

When exposed to ambient light, e.g. in the day time, the resistance of 
the l.d.r. is low, but when no light falls upon this device its resistance 
becomes very high. Thus the voltage applied to the Comparator varies 
conversely with the amount of illumination received by the Sensor. 

A fixed Reference Voltage is applied to the other input of the 
Comparator. The Comparator compares these two signals. If the Sense 
Voltage is in excess of the Reference Voltage, the output of the 
Comparator swings high, drives the transistor TR1 on and so completes 
the circuit tor the low voltage Nightlight lamp LP1. 

Conversely, when the Sense Voltage falls below the Reference Voltage 
the Comparator output is low and the lamp is switched off. 

The Light Sensor must be sited so that it is not ifluminated by the 
Nightlight which it controls, but is subject only to the natural light con¬ 
ditions. Thus the Sensor and the Main Unit could be installed on the 
landing adjacent to the child's bedroom in which the Nightlight is located. 


by the electrolytic capacitor Cl to 
give an unregulated voltage of 
some 16-17V d.c. when the lamp is 
off. This comes quite close to the 
maximum operating voltage of the 
integrated circuit, and though it is 
very unlikely that this rating 
would be exceeded, R1 has been 
placed directly across the power 
supply to increase the quiescent 
(or “tickover”) current drawn by 
the circuit. 

This has the effect of pulling 
down the voltage rail because it is 
unregulated, and in fact it is re¬ 
duced to 15V when the lamp is off 
and comes down even further to 
12V when the lamp is illuminated. 
R1 dissipates (15^/100) = 2-25W; 
therefore a power resistor is called 
for here, and not the usual half¬ 
watt device. 

As a matter of interest, the only 
other satisfactory method of pro¬ 
viding a more stable power supply 
voltage would be to regulate it 
using either a high power Zener 
diode (which would be difficult to 
obtain) or to use one of the modern 
regulator i.c.s. now available, which 
is rather like using a sophisticated 
sledgehammer to crack a small 
nut. The use of the power resistor 
as shown gives good enough results 
for about 15p ! 

The rectifier Dl-4 can either be 
four separate diodes (actually 
rectifiers), or a device called a 
“bridge rectifier” in which four 
rectifiers are encapsulated into one 
small package. The latter is more 
convenient to use, but is twice as 
expensive as four separate recti¬ 
fiers. 


CIRCUIT BOARD 

The main unit is built in an R.S. 
Type 11 instrument case. The lamp 
and photocell are connected by 
flying leads to the main unit. 

Construction may commence 
with the component panel (see 
Fig. 3) which is O lin matrix strip- 
board size 24 strips by 36 holes. 


Start by drilling a Sdn hole in each 
corner to take a 4BA self-tapping 
screw. Make all of the breaks in 
the copper strip using either the 
proper spot face cutter or a hand 
held twist drill. 


SOLDERING 

Insert all of the solder pins (9 in 
all) and then solder the i.c. socket 
into place. The six strip-intercon¬ 
nection wires may now be soldered 
in: they consist of solid “bus wire” 
which should be insulated with 
1mm p.v.c. sleeving where there is 
a danger of them touching other 
component leads. 

Proceed to solder in all of the 
components. Particularly ensure 
that Cl, D5 and the bridge rectifier 
are connected the right way round. 
An error here could have dramatic 
results. 

The transistor, bridge rectifier, 
Zener diode and i.c. output diodes 
are of course semiconductors, and 


as such should not be heated for 
more than about four seconds 
when soldering them. 

For those who are inexperienced 
in soldering semiconductors, it is 
advised that a special heatshunt 
which is available is used. This is 
clipped onto the wires being 
soldered, and serves to dissipate 
any excess heat, thus preventing 
damage occuring to the device. 

TRl should be soldered in last of 
all. It is fitted with a small 
“crinkled” TO-5 heatsink, and this 
should be fixed on before the tran¬ 
sistor is soldered in. When this is 
in position the small identification 
tag on the case of the transistor 
will not be easily visible, therefore 
pay particular attention to see that 
the device is inserted the correct 
way round before fitting the heat¬ 
sink. 

R1 is not mounted flush to the 
board in the usual way. It dissipates 
a fair amount of heat, and so the 
resistor body is allowed to over¬ 
hang the stripboard where it can 
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Fig. 4. Mains transformer 
T1 wiring details. 
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must be fitted before this component is soldered in position. 
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COMPONENTS^^^^ 



ioon 4 W 

2-2kn'l 

^■2kayi\N ± 5% 

Ikil J 


Potentiometer 


TR1 


741 8-pin d.i.l. 

1 A BOV bridge rectifier (W04M) 
6-2V 400mW Zener. BZY88C6V2 
IN4001 (2 off) 

BFY51 silicon npn 


ESTIMATED COST 
OF COMPONENTS 
£8.00 

excluding case 


See 


Miscellaneous 

T1 Mains transformer; Sec. 0-4-5V + 0-4-5V, 0-67A (Doram 
66-110-4) 

FS1 1 A 20mm fuse with chassis holder 
LP1 12V 2-2W M.E.S. lamp, and batten holder 
Stripboard: 0-1 matrix, 24 strips x 36 holes; metal case type 11 (Doram 
68-140-7); 8-pin d.i.l. socket; P.C. pillars (4 off—Doram 69-611-7); 
TO-5 push-on heatsink; 4BA self-tapping screws (8 off); knob; cabinet 
feet (4 off); mains input cable (6A 250V); lightweight inter-connecting, 
cable; solder; solder pins. 2-5mm plugs and'sockets (2 off)—optional 
see text. 

Materials for sensor and nightlight assemblies. 


radiate its heat without affecting 
nearby components. It will be seen 
that the slightly longer leadout of 
the resistor needs to be insulated 
with p.v.c. sleeving to prevent it 
shorting to a nearby solderpin. 

Having completed the circuit 
board, now inspect (preferably 
with a magnifying glass) each of 
the soldered joints, looking out for 
“dry” connections or whiskers of 
solder bridging adjacent copper 
strips. The underside of the strip- 
board could be sprayed with 
printed circuit lacquer if this is 
available. Finally insert the i.c. 
into its socket, again making cer¬ 
tain that it is put in the right way 
round—incorrect polarity will 
destroy it. 


MECHANICAL DETAILS 

The next part to be tackled is 
the metalwork. The chassis has to 
be drilled to take Tl, the fuse, 
VRl, the circuit board, the mains 
cable entry (fit with a grommet) 
and the cable entries for LPl and 
PCCl. Four holes are also needed 
in the base to take a set of plastic 
cabinet feet. 

On the prototype, LPl was con¬ 
nected to the main unit using a 
2-5mm jack plug and socket, 
whilst PCCl was taken straight 
through to the circuit board. The 
constructor should choose which 
method will be best: either use a 
connector or solder the intercon¬ 
necting wires straight to the com¬ 
ponent panel. 

The circuit board is fixed to the 
chassis using special P.C. pillars 
see photo) which are simply 
secured using 4BA self-tapping 


screws. The pillars are very easy 
and convenient to use, and save 
tiresome and frustrating fiddling 
with nuts, bolts and spacers. 

The case may be lettered with 
W. H. Smith’s “Magic Letters” and 
sprayed with protective lacquer. Of 
course, all of this is best done be¬ 
fore any items are bolted to the 


NIGHTLIGHT 

CONSTRUCTION 

The prototype nightlight is illu¬ 
strated in Fig. 5(a). It is very easy 
to make but is very effective. The 
M.E.S. batten holder is mounted on 
a thin plywood base, which is of 
dimensions to make it a snap-fit 
into the base of a large polythene 
aerosol top. 

A small hole is made in the 
aerosol top to take the cable inlet 
for the lampholder. Twin-core 
cable is then taken from the 
terminals of the lampholder to the 
main unit. Cable length may be in 
excess of 10 metres, but about 4-5 
metres should generally suffice. 

It will be found that the aerosol 
top idea works most effectively if 
a warm colour such as red or 
orange is chosen. 


SENSOR CONSTRUCTION 

The prototype light sensor con¬ 
sisted of a small plastic box (which 
was actually from an old stylus 
package) onto which the ORP12 
light dependent resistor was 
mounted (see Fig. 5(b)). The l.d.r. 
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was fixed to the top using a pro¬ 
prietary adhesive; two very small 
holes 9-5mm apart were drilled to 
take the photocell leadouts. 

Twin-core fiex was then soldered 
to the leadouts and then taken to 
the main unit where it passed 
through a hole in the case and was 
soldered directly to the stripboard. 

Cable length should be kept as 
short as possible, although it can 
be up to about 5 metres. 

Another idea possibly for sensor 
construction might be to use a 
white aerosol top as a diffuser with 
the ORP12 mounted inside, in a 
fashion similar to the nightlight. 


COMPLETION OF WIRING 

The rest of the wiring should 
now be completed to conform with 
Fig. 3. All joints which are at 
mains voltage should be of a good 
quality; they should not be dull or 
crystalline. Ensure that the wind¬ 


ings of the mains transformer are 
connected together correctly (see 
Fig. 4). Finally, the earth wire 
of the mains input cable is soldered 
to a 4BA solder tag which is fixed 
underneath one of the transformer 
mounting bolts. 

Check all of the wiring carefully 
and then plug in the nightlight and 
photocell if connectors are used. 
Set VRl (the “sensitivity” control) 
to approximately its midway posi¬ 
tion and then plug in and switch 
on. The wirewound resistor R1 
should start to get warm. 

The nightlight may or may not 
illuminate, but if it is not alight 
then covering the photocell com¬ 
pletely with, say, a small card¬ 
board box should cause the night¬ 
light to switch on. Now, removing 
the cover should result in the light 
going out. (This assumes of course 
that the initial testing is carried 
out in daylight!) (The unit is now 
complete. 



Fig. 5. Construction of the lamp unit (a) and the light sensor unit (b). 



The sensor unit mounted in a convenient 
position in a room to monitor the ambient 
light. 

FINAL SITING 

The system can now be installed 
in the room where it is to be used. 
It may take some experimenting 
with the position of the photocell 
to achieve the best results; 
initially the lamp might be coming 
on far too early, in which case 
reposition the ORP12 unit in a 
place where it receives more light. 
Alternatively adjust the sensitivity 
control to give the desired switch¬ 
ing point. Light frqm the lamp 
should not be allowed to fall back 
onto the photocell. 

Each set-up is bound to be 
different and so it is not really pos¬ 
sible to generalise on the sensor 
position or sensitivity control 
adjustment which would give the 
desired operation of the unit. It is 
a case of “reposition and try 
again”—but the results should 
justify the trouble, because there 
is now one chore less to do last 
thing at night. Electronics does it 
for you. tr 
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Receives the 80, 40, and 20 metre 
amateur bands, as well as the 41, 
31, and 19 metre broadcast bands 
and other transmissions. 


I N THE earlier days of radio, one 
valve and two valve receivers 
were popular with home construc¬ 
tors. They were capable of world¬ 
wide reception, due to the high 
sensitivity obtained by reaction. 

A well-known supplier of those 
days advertised that it was pos¬ 
sible to receive Australia with a 
one valve receiver. In the writer’s 
experience this was so, though it 
meant early-morning listening on 
the 25 and 31 metre bands, with 
signals just readable on phones 
in the absence of interference. 

Such results depended wholly 
on the correct use of reaction (or 
regenerative feedback), and the 
present-day field effect transistor 
is almost identical in performance 
with the earlier valve in this 
respect. 

The present design uses the 
MPF102 type f.e.t. as regenerative 
detector, followed by a BC108 
silicon transistor as audio ampli¬ 
fier. It covers from approximately 
3-2MHZ to 16MHz, or about 95 
to 21 metres, having two coils 
selected by a switch. This coverage 
includes many interesting frequen¬ 
cies, as well as the popular 3-5 
to 3-8MHz amateur band. The 
receiver can resolve c.vfr. (morse) 
and s.s.b. (single-sideband) signals, 
as well as ordinary a.m. (ampli¬ 
tude modulated) transmissions. 


CIRCUIT DESCRIPTION 

In Fig. 1, section b of the range 
switch SI, selects either L2, or L4, 
tuned by C3. Aerial coupling is 
by the small trimmer capacitor 
Cl, with input to TRl gate. The 
drain is taken by switch Sla to 
the feedback windings of the coils 
LI and L3. Capacitor C2 controls 
the amount of feedback or re¬ 
generation. Audio signals pass 
through the radio frequency choke, 
to reach C6 and the audio ampli¬ 
fier TR2, which considerably boosts 
the volume. Switch Sic, provides 
on/off switching of the receiver. 

START 
HERE FOR 
CONSTRUCTION 


TAG STRIP 

The smaller components are 
wired directly to a tag strip, as 
shown in Fig. 2. This is later fixed 
to the chassis by the tags marked 
MC, which provide the negative or 
earth return. Components are kept 
quite close to the strip and some¬ 


what above the tags, so that they 
will be clear of the tuning capaci¬ 
tor and adjacent coils. 

The transistors should be sol¬ 
dered on last, leads being identi¬ 
fied from Fig. 2. 

CHASSIS AND PANEL 

The chassis is 127 x 178mm and 
25mm deep constructed from 
“Universal Chassis” parts. When 
using the Universal Chassis parts 
it is necessary to have the shorter 
runners inside the longer runners. 

Two brackets are formed by cut¬ 
ting a 100 x 100mm flanged uni¬ 
versal chassis side diagonally and 
clipping corners off to reduce the 
height to about 83mm. A rigid 
assembly is necessary, so a 178 x 
25mm runner is also present 
behind the panel. All these parts 
are fixed together with nuts and 
bolts, or self-tapping screws. It is 
as well to punch or drill holes for 
the EARTH, AERIAL, and PHONES 
terminal strips before fitting the 
back runner. These, except earth, 
must of course clear the metal. 

FRONT PANEL DRILLING 

The drilling details for the front 
panel are shown in Fig. 3. The 
actual layout is not too critical, 
although the same basic design 
should be followed. 
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The size of the larger holes 
depends on the size of the indi¬ 
vidual components as such no 
sizes have been given. The hole 
for C3 is more likely to be changed 
in the vertical direction. That is, 
it can either be moved up or down 
as required, depending how the 
capacitor is mounted. The horizon¬ 
tal position is correct as being in 
the centre. 

Fit the variable capacitor and 
slow-motion drive as in Fig. 2, a 
hole nbout 20mm in diameter 
being necessary for the latter. 

MOUNTING BRACKETS 

Three small metal brackets mount 
the large capacitor C3 and these 
can be cut from a spare universal 
chassis side if necessary. Line up 
the slow-motion drive and capaci¬ 
tor correctly before tightening the 
fixing bolts. 

The regeneration capacitor, C2, 
is a standard compression trimmer, 
with a 7mm extension spindle 
fitted with a control knob. It fits 
on a bracket as in Fig. 2, with the 
spindle projecting through a 
clearance hole in the panel. Dimen¬ 
sions of this bracket is shown in 
Fig. 4. 


Radio frequency signals induced into the aerial are coupled to the res¬ 
onant CIRCUIT. This circuit is tuned by a variable capacitor to select 
the required station. The detector stage consists of a field effect 
transistor and associated circuit which supplies feedback via the reaction 
control, back to the input of this stage. Thus a loop consisting of r.f. and 


audio is generated in the f.e.t. 



The audio is now recovered 
from this stage and applied to 
the a.f. amplifier, whereupon it 
passes to the high impedance 
headphones. In the final design 
two switchable coils are used 
which enables a wide range of 
frequencies to be tuned in. The 
reaction control, unlike in many 
common types of circuit, is in 
fact a variable capacitor. 


HOW IT WORKS 
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Fig. 2. Complete wiring for the radio. Note that for clarity the front panel has been “opened out” to show 
the connections to SI. The position of the tag strip is shown dotted, the wiring of which is shown to 
the right. MC denotes a connection to the chassis. 




4-hole size to suit component ? 

A - 8BA CLEARANCE 
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Fig. 3. Drilling arrangement for the front panel. The position of the 
centre hole (for C3) depends on the actual component used, hence no 
vertical measurement has been given. 
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A-6BA CLEARANCE 
ALL DIMENSIONS IN mm 


Fig. 4. Bracket required for 
mounting C2. Material used 
in the prototype was 18 s.w.g. 
aluminium. 
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COMPONENTS 


Resistors 

R1 270n 

R2 1-21^10 

R3 3-9kn 

R4 2-2kn 

R5 2-2Ma 

All iW carbon ± 5% 


Semiconductors 

TR1 MPF102rj-channel field 
effect transistor 
TR2 BC108 silicon npn 


Capacitors 

Cl 30pF beehive trimmer 
C2 1,10pF compression trimmer 
C3 500pF single-gang variable 
C4 250pF disc ceramic 
C5 0-01/«F disc ceramic 
C6 0-1/tF disc ceramic 
C7 0-01^F disc ceramic 

Inductors 

L1, 2, 3, 4 wound as described (see 
text) 

L5 5mH radio frequency choke 


Misceiianeous 

Si 3-pole 3-way rotary switch 
SKI, 2, 3, 4 twin-screw terminal strips (2 off) 

TL1 high impedance headphones . 

B1 9V battery PP6, PP3 etc. ■ Paoe 547 

Universai chassis 178 x 125 x 25mm: one extra flat plate for front 
panel 175 x 125mm; extra flanged side 100 x lOOmm; ten-way tag strip 
with two tags earthed; extension spindle for C2 (Home Radio); alumin¬ 
ium for bracket: battery connector to suit B1; three large control knobs, 
one with fitted scale for C3: 24 and 34 s.w.g. enamelled copper wire; 
material for coils; Bostik or similar clear glue; sleeving: 3:1 reduction 
drive for C3: connecting wire. 


Trimmer Cl is soldered to the top 
tag. A wire runs from the second 
tag of Cl through the chassis, to 
the AERIAL connecting point. 

Adding the phone and battery 
connections finishes the wiring. A 
PP3, PP4 or PP6 9 volt battery is 
suitable, and the correct snap 
fasteners or battery connector 
should be used as battery i>olarity 
must always be as shown. 


Rear of the Shortwave Radio showing position of 
the component tag strip, the two coii formers and 
tuning capacitors. Note the beehive capacitor Cl 
mounted on C3. 


WIRING 

Screw the tag strip in position 
as indicated in Fig. 2 and fix the 
coils by using screws from below. 

The rotary switch is fixed to the 
panel by its bush nut, and is shown 
out of place in Fig. 2 so that con¬ 
nections to it can be seen more 
clearly. 

Connect C2 so that the top tag 
or plate near the panel goes to 
chassis. 

When fitting C3, solder a lead to 
its bottom tag, to go to switch Sla. 


INDUCTORS 

Both sets of coils are wound on 
insulated formers 16mm in dia¬ 
meter and 45mm long. Paxolin 
tube of the correct size can be 
used or tubes can be made from 
rolled up thin card. 

For the latter, cut strips about 
45mm wide and several centi¬ 
metres long. Wind the card on any 
convenient object, such as a 
wooden dowel, say about 12mm 
in diameter. Wind a few layers 
until the outside diameter reaches 
16mm, and then remove the dowel. 

Winding details for the coils 
are shown in Fig. 5. First start 
with L2, drill or pierce a hole at 
point one about 3mm from the 
top, leave a space of about 22mm 
and make two holes at point three. 
Pass a length of 24 s.w.g. wire 
through the top hole and wind 22 
turns slightly spaced. Now pass it 
through hole three. 


Fig. 6. Winding details for the two sets of colls. The 
completed coils are mounted on the chassis using 
small sections from a wooden dowel forced into the 
base of each coil and glued. The coil Is then 
mounted vertically on the chassis using short 
wood screws. 
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Front panel layout for the Shortwave Radio showing the reaction and tuning 
controls and the range selector switch. 


For LI Start by threading it 
through hole four, leaving about 
3mm space between L2. Wind on 
seven turns side by side, finish by 
anchoring the wire at point two. 

Coils L3 and L4 are wound in a 
similar fashion, only this time 
10^2 turns are required for L4, 
occupying the same space, and 10 
turns for L3. The ends may be left 
long to reach the various parts of 
the circuit or can be extended 
using insulated wire. 

If available the Wearite P05 
coil can be used for L1/L2 and the 
P03 coil for L3/L4, without any 
changes in the circuit. 


AERIAL EARTH 
AND HEADPHONES 

Though signals can be received 
with an indoor aerial and no earth, 
an outdoor aerial is naturally 
better, and would be considered 
almost essential. It can generally 
be about 7 • 5 metres to 15 metres 
in length, and should be as high 
and clear of earthed objects such 
as house walls as can be arranged. 

An earth is generally worth 
while, and can help to avoid hand- 
capacity effects by grounding the 
metal panel and chassis. The earth 
lead can run to a metal spike 
driven into the ground. 

The circuit is intended for high 
impedance headphones. Typical 
phones have resistances of 600 
ohms, and 2 kilohms impedance. 


Naturally other phones can be 
used, but low impedance or crystal 
earpieces should not be used. 

REGENERATION 

It is upon satisfactory regenera¬ 
tion that results mostly depend. 
Where a receiver of this type is 
found disappointing, this almost 
always arises from not using re¬ 
generation correctly. Its adjust¬ 
ment is quite critical, and has to 
be varied while tuning. 

Initially, set Cl about one-third 
closed, and unscrew C2. As C2 is 
screwed down to increase capacity, 
a point should be found where sig¬ 
nals are heard when tuning. 


Closing C2 further will increase 
volume, until a point is reached 
where a whistle is heard when 
tuning to one side or the other of 
a transmission. For a.m. reception, 
sensitivity is at a maximum if 
regeneration is set so that this 
whistle jttst fails to arise. 

Regeneration has to be adjusted 
in conjunction vrith tuning, be¬ 
cause the setting for C2 changes 
as tuning progresses across the 
band. 

The degree of aerial loading in- 
fiuences regeneration. This means 
that if regeneration is not obtained 
on some frequencies, then Cl must 
be unscrewed a little. But having 
Cl unscrewed unnecessarily will 
also weaken the signals. This is 
why Cl is placed within easy reach. 
Resistor R1 is included for the 
higher frequency band because it 
was found that regeneration 
tended to be too strong here. 

Coils L1/L2 tune approximately 
3-2 to 8-3MHz,and L2/L3 approxi¬ 
mately 6-5 to 16MHz, the low 
frequency end of this band below 
about 8-3MHz not being used. 

To receive c.w. or s.s.b. signals, 
regeneration has to be advanced a 
little beyond the best point for 
a.m. This is perhaps best tried at 
first in the 80 metre band, which 
will be found using L1/L2 with Cl 
nearly fully closed. 

The propagation of short wave 
signals depends on the time of 
day and other factors, but a few 
periods of listening (preferably 
at different hours) will show what 
to expect. )3 


R^WKENOfE 

MAINS TESTER (May , __ 

We regret that two lines of copy under the heading of USING THE 
UNIT were not set and missed out of the article. The correct setting for 
this section should read as follows: 

USING THE UNIT 

When the unit is plugged into a correctly wired mains outlet socket, 
the outer two neons should light, LP1 and LP3. If all neons light, the 
“earth is disconnected. If two adjacent neons light the” live and neutral 
connections to the socket have been transposed. If the ... 

EE 100W POWER SLAVE (June 797«; 

One of the starred items on the heading page should read “4 and 8 ohm 
Speaker Systems” and not as shown. 

In the specification box the Power Bandwidth should read 100 watts 
r.m.s. ± 0-5dB from 20Hz to 20kHz. In both cases under Total Harmonic 
and Intermodulation Distortion the figure of lOOmV should read lOOmW. 

The type numbers for the mains transformers were incorrectly quoted 
and should be ammended to read type 1190 (4 ohm version) and 1191 (8 
ohm version). The type number is correct on the circuit diagram, Fig. la. 
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By Dave Barrington 

Master Tapes 

Three new Scotch cassette tapes 
just introduced by 3M United Kingdom 
Ltd., should satisfy most tape en¬ 
thusiasts needs. 

Simplicity of choice for the user is 
the theme of the "Master” series of 
cassette tapes which come in three 
grades: standard or ferric oxide, 


chrome and ferrichrome. This co¬ 
incides with the tape switch position 
on many machines and each cassette 
housing and tape cartridge is clearly 
marked with its grade. 

The Master 1 tape will give best 
results on the normal bias, 120/»S, 
switch position or on decks with a 
pre-set bias. It consists of premium 
grade low-noise ferric oxide and is 
claimed to give excellent low, middle 
and high frequency response. They 
also claim a 4dB better maximum out¬ 
put than ordinary low-noise cassettes. 

The Master 2 is for Chrome bias, 
TO/'S, position and is a high output 
low-noise tape formulated from modi¬ 
fied ferric oxide encapsulated with 
cobalt. It is claimed that this gives 
3dB better signal-to-noise ratio and 
3dB better sensitivity at low and high 
frequencies than normal chromium 
dioxide tape. 

With a patented dual-layer con¬ 
struction, the Master 3 tape (for FeCr 
switch position) is claimed to increase 
both low and high frequency sensitivity 
over chromium dioxide and ferric oxide 
tapes. Providing a 3dB increase in 
maximum output at low frequencies 
and 2dB at high frequencies over 
chrome cassettes. 

Listening to a demonstration, in 
which a live performance was switched 
to tape, it was very difficult to tell when 


the artist and pianist were miming and 
when they were performing live. 

Constructional Projects 

The only components likely to cause 
trouble when constructing the Short¬ 
wave Radio are the tuning, “beehive" 
and compression capacitors C1 to 3. 
These can be obtained from Home 
Radio who are also able to supply all 
the hardware for this project. 

All components for both the Logic 
Probe and the Quagmire game are 
easily obtainable from our advertisers 
and should not cause any problems. 

Regarding the Auto Nightlight the 
mains transformer T1 specified for 
this article has twin primary and 
secondary windings. The two primary 
windings are wired in series and the 
two secondary windings are wired in 
series to give the required output 
voltage. 

There is no reason why a trans¬ 
former with a primary winding rated 
at 230/240 volts and a secondary 
winding of 9 volts should not be used, 
provided it is rated at approximately 
700mA to 1 A. 

Apart from the above mentioned 
items all other components for the 
Auto Nightiight should be readily 
available. 



CROSSWORD R9S 


BY D.P. NEWTON 


ACROSS 

1 A pair of hi fi demons. 
(3,3,7) 

7 Thej- say this is only 
human. 

9 Heated, we can expect 
emission. 

11 Without it we are power- 

12 The price per unit. 

13 An aerial display. 

15 A useless component. 

18 How low can transistors 
get? 

20 An edible charge carrier? 

21 A blown fuse puts the 
circuit in this state. 

23 Shown the way it glows 
profusely. 

24 The power to get steamed 
up? 

25 Not a gaUop. 

28 A glassy crystal of some 
electronic use. 

31 Although often musical, 
it can reproduce most 
sounds. 

33 Snow in a device. 

34 Without this control, a 
TV might well present 
problems. (9,4) 


DOWN 

1 A loudspeaking pet? 

2 Social averages. 

3 A non-flowering plant. 

4 The forerunner of 31 

5 Behind. 

6 Worn and somewhat tatty. 
8 Electronic crockery? 

10 Silicon controlled 
rectifier. 

14 CRTs must stick to them. 

16 Employ. 

17 A caustic additive which 
gives a lift. 

19 Calling card for an expert 
pilot? 

22 To display in regular 
array. 

23 A crystal of controlled 
transparency. 

26 Switch into action. (4,2) 

27 Pertains to sound. 

29 TwoKlimensional space. 

30 Black. 

32 Solar rising point. 

Solution on page 577 
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T iis month we introduce an important new sub¬ 
ject: logic. 

The subject reflects the ever-advancing technology 
of our times, computers, microprocessors, integrated 
circuits etc. All are now part of our everyday life, 
and although the significance is not too apparent to 
most people, those of you who eire studying elec¬ 
tronics are, inevitably, going to come face to face 
with logic circuits, sooner or later. 



Fig. 10.1. Part of a punched 
card, showing the hoies to 
register the number 345. 


PUNCHED CARDS 

Punched cards have been used for many years to 
store information. The principle is very simple. It is 
rather like those multiple-choice examination papers 
which are so popular nowadays. 

The card has lots of numbers printed on it. To 
select one, a hole is punched through it. If, for 
example, a card has the numbers 0 to 9 in columns, 
Fig. 10.1, and you want to register the number 345, 
the appropriate digits in the first three columns would 
be punched through as shown. 

To read the card, the first column on the left is 
read, then the second, and so on. 

Punched cards can be sorted by machines. If for 
example, a school medical clinic kept records of 
vaccination on punched cards, and 345 meant that a 
a pupil had received a dose of polio vaccine, the 
machine might be set to sort out the cards of those 
who had not had a dose. 

Coding systems like this which have only two pos¬ 
sible states of existence, hole or no hole, dot or dash, 
black or white, etc, are called binary codes. They 


really consist of ways of recording the answers to 
strings of questions, but questions only capable of 
two answers, yes or no. Looked at this way, the “0” 
position in column one answers the question “Is the 
first figure 0?”. The “1” position answers the question 
“Is it a 1?” and so on down the column. 


CODES 

The idea of coding in this yes/no fashion is very 
old. In fact it was used as a cipher for transmitting 
secret messages by Shakespeare’s contemporary Sir 
Francis Bacon. In his book “The Advancement of 
Learning”, Bacon shows how, in principle, his code 
can be used to conceal any secret message in any 
clear message, provided that the clear message is 
five times as long as the secret one. 

He gives as an example the clear message “Stay 
till I come to you”, which conceals the secret message 
“Fly”. 

How is it done? Forget that the letters of the clear 
message are ordinary letters. Think of each one as 
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being either A or B. If it is written a tiny bit above 
the line it is an A. If below the line, it is a B. A 15 
letter message now turns into a string of As and Bs, 
such as: AABABABABABABBA. This is divided into 
groups of five; AABAB ABABA BABBA. 

To decode, you use a system where each letter of 
the alphabet is coded into five A and B combinations, 
starting with AAAAA for the letter A, AAAAB for 
B, AAABB for C, and so on. 

Coming back to punched cards again it is of course 
possible to read them electrically. For example, it 
would be possible to have spring contacts on each 
side of the card, so that the contacts would be made 
where there was a hole and not made when there was 
no hole. 

To select cards with particular information punched 
into them you would arrange for the sorting machine 
to throw out only cards which allowed the right 
combinations of contacts to make. 

LOGIC GATES 

Suppose, for example, there are a large number 
of candidates for the job of a salesman in an elec¬ 
tronic component shop. A card could be made for each 
one. All the appropriate qualifications would be 
“punched in”—age, sex, experience, previous salary, 
etc. ... So when the boss said; “What I want is a 
25 year old unmarried man with two years shop 
experience and a current driving licence”, the 
machine could be set so that when the appropriate 
string of contacts were all closed. Fig. 10.2, the 
battery would be connected to energise the card 
selection mechanism. 



Fig. 10.2. Switch contacts are arranged as shown to seiect a 
candidate with ati the necessary qualifications. This arrangement 
represents the AND function. 

If the boss had said: “I’ll accept a man who either 
has two years shop experience, or who is a licensed 
radio amateur”, how could the option experience or 
radio “ham” be translated into contact form? The 
word or suggests that either of two possible paths for 
current is permissible. So to indicate or, parallel 
contacts are needed. Fig. 10.3. More than two could 
be used if there were a number of acceptable alter¬ 
natives. 

Fig. 10.3. In this arrangement 
the switches select a candidate 
who has either of two altern¬ 
atives. This represents the OR 
function. 


Evidently the contacts or their equivalents are 
carrying out a selection programme. They are an 
example of logic. 

The contact chains contain two basic requirements 
of binary logic. One of these is the ability to pass on 
a signal when a number of crucial questions must 
all be answered yes: for example, under 25 (yes) 
AND unmarried (yes) AND with two years shop 
experience ... and so on. 

Unless the answer to all the questions is yes there 
is no onward path for the signal. 

The other, of course, is the case where there are 
alternatives; shop experience OR licensed amateur 
etc. In electronic logic, the circuits which do the 
equivalent job of contacts are called gates. Two 
important kinds are the and gate and the or gate. 

A possible form of and gate uses three transistors 
in series. Fig. 10.4. Only when TRl, TR2, and TR3 are 
all turned on does any current pass through R4 to 
turn on TR4 and provide an output. The transistors 
are turned on by positive signals at A, B, and C. So 
this is a 3 input and gate. 



Fig. 10.4. An example of an AND gate. An output is only given 
when the inputs A and B and C are positive. 

A possible or gate has three transistors in parallel. 
Fig. 10.5. Turning on any one of TRl or TR2 or TR3 
causes current to pass through R4 and so produces an 
output. So this is a 3 input or gate. 



Fig. 10.5. An OR gate. An output results when the inputs A or 
B or C go positive. 
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Note that in both circuits the function of transistor 
TR4 is to transform a negative voltage, from R4 
into a positive voltage, across R5. So TR4 is not really 
part of the logic. It is just an inverter. Without it, 
the logic would operate but would give negative out¬ 
puts instead of positive ones. Gates with negative 
outputs like this are called nand and nor gates. 

Practical gates may have different and more com¬ 
plex circuitry from that shown here. But the details 
are basically the same. 


BINARY 

If numbers can be expressed in binary form 
then they can be represented by binary voltages, 
like the logic signals we have been talking about. 
And like the signals, they can be manipulated by 
logic circuits. Combinations of gates can perform the 
function of addition and subtraction. 

If you can add you can multiply; 4X3 is the same 
as 3+3+3-1-3. You can also divide by repeated sub¬ 
traction: 6^3=6—3—3. Count the number of times 
you can take 3 away and you have the answer, 2. 
These methods of multiplying and dividing may seem 
tedious. But a computer operates very quickly and 
never gets bored. 

As to expressing numbers in binary form, this can 
be seen as a possibility from Bacon’s cipher. His 32 
combinations of five A and B units could be used for 
the numbers 0 to 31. The scheme is easily visualised 
by counting on your fingers in an unusual way. Fig. 
10.6a. 

Each digit is given the value shown. If it is 
extended, it signifies that number. If not it signifies 
0. So the other arrangement shown. Fig. 10.6b, sig¬ 
nifies 14-0-1-4-1-0-1-16 = 21. By extending the appro¬ 
priate fingers any number from 0 to 31 can be 
indicated. Try it for yourself. 



Fig. 10.6a. How to count to 31 
shown In (b) Is 21. 



using five digits. The number 


Numbers coded in this way can be written down by 
putting 1 for any finger which is extended and 0 for 
any not extended. So the number in Fig. 10.6b can 
be written as 10101. The position of the digit in the 
sequence shows its value. Thus the 1 in the middle 
means 4 in ordinary decimal numbers. It turns out 
that binary numbers can be added, just like decimal 
numbers. 


All you have to do is remember that you have to 
carry a 1 if the digits add up to 2, because 2 is 10 
in binary. Try an example: 

10 - 1-11 = 101 

In decimal this is: 

2-l-3=5 

Check this on your fingers. 

FLIP FLOPS 

There are of course other circuit arrangements 
used in computing which are also of general interest, 
the first is something which you should recognise 
as a two-stage amplifier with positive feedback. 
Fig. 10.7. 



1 TR2 1 

1 


TRI^ 


^lOkn 



ov 


Fig. 10.7. A flip-flop circuit, drawn to show the d.c. feedback 
arrangement. 


Instability is a possibility in positive feedback 
circuits. This one, however, is direct-coupled through¬ 
out, so there can be no a.c. oscillation as a result of 
the feedback. There can only be “d.c. oscillation”. 
That is, the currents and voltages just keep on 
growing and growing until the amplifier overloads 
and they can grow no further. When this state is 
reached one transistor is conducting as much current 
as it can and the other not at all. 



Fig. 10.8. The flip-flop Is normally seen In most text books as 
above. The symmetry is clearly seen. 

The circuit is usually drawn as in Fig. 10.8 in 
such a way that its essential symmetry is emphasised. 
If you construct this circuit but incorporate l.e.d.s as 
shown. Fig. 10.9, you can easily confirm that one 
transistor stays on all the time and the other off. 
It is necessary to use plain BClOS’s, not your npn 
modules, because the protection resistors in the 
modules prevent this circuit from operating. 

The symmetry of the circuit suggests that it is a 
matter of chance which transistor conducts. This 
would be so if the circuit were perfectly symmetrical. 
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but in practice one transistor turns on faster than the 
other when the circuit is switched on. That is the one 
whose Le.d. lights. However, if the “on” transistor 
is turned off by temporarily shorting its base/emitter 
junction, along the appropriate dotted line, this gives 
the other a head start. When the short is removed the 
other stays on. Short its base/emitter and the situa¬ 
tion is reversed, and so on. You can make the circuit 
change from one state to the other as many times 
as you like. 



Fig. 10.9. A practical flip-flop circuit can be built using standard 
components. The action can be proved by shorting the base of 
each transistor (shown dotted) to earth. 

There is clearly a possibility that the circuit’s state 
can be changed by injecting pulses of voltage or 
current into the “on” transistor turning it off. 
Arrangements can also be made whereby turn-off 
pulses can be applied to both transistors at once, but 
only the “on” transistor actually feels them. This 
guarantees that the circuit changes state every time. 



Fig. 10.10. A modified flip-flop circuit can be changed by adding 
a few extra components to form a “Triggered flip-flop”. 


The arrangements consist of added diodes, resistors 
and capacitors, Fig. 10.10. Only negative-going trigger 
pulses can turn the circuit off. Positive-going pulses 
have no effect. This means that if a.c. is applied to 
the triggering point only negative half-cycles have 
any effect. 

The consequence is that if an output is taken from 
one collector an output pulse is generated only once 
every two cycles of the input. The circuit divides the 
input frequency by two. A further circuit will divide 


by four, a third by eight, and so on. In other words, 
one circuit divides by 2, two by 2 X 2, three by 2 X 2 X 2 
and so on. 

Integrated circuits containing long chains of these 
Eccles-Jordan bistable flip-flops, often just called 
bistables, are made, and they can divide by very 
large numbers all in powers of two. They can also 
be made to divide by numbers which are not powers 
of two, by applying feedback which resets the circuits 
to their initial state when the appropriate number 
of divisions has been made. 

A common arrangement is the divide by ten, usually 
called a decade counter. 

MULTIVIBRATOR 

If the simple flip-flop is modifled by using capaci¬ 
tors to cross-couple the two transistors it becomes 
a widely used oscillator known as a multivibrator, 
Fig. 10.11. If the circuit is truly symmetrical each 
transistor conducts hard for exactly half the time and 
is cut off for the other half. The voltage at either 
collector is a 50/50 square wave as shown. 

The period depends on R and C and is about 900Hz 
for the values shown. 



The protection resistors in your npn modules 
prevent this circuit from working but a minor change 
enables it to function although at a reduced 
frequency. Fig. 10.12. If an output is taken from 



correctly. 

either collector to the trigger capacitors of your 
stable, Fig. 10.10, you have an electronic heads-or-tails 
machine. The bistable changes state continuously and 
very rapidly, so both l.e.d.s light. If the trigger is 
removed (or the multivibrator switched off) which- 
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ever l.e.d. is alight at the instant when the triggering 
stops remains alight. It is a matter of chance which 
one stays on, so if one l.e.d. is called “heads” and 
the other “tails” you can play games with the circuit. 

Long chains of bistables can be made to do another 
job. If all the appropriate transistors are triggered 
at a steady rate, by an associated oscillator some¬ 
times called a clock pulse generator, pulse informa¬ 
tion fed into one end of the chain passes along step 
by step and eventually emerges at the other end. This 
shift register arrangement can be used as a tem¬ 
porary store for pulsed digital information or as a 
digital delay line. 

MONOSTABLE 

The uncertainty about which transistor of a bistable 
will come on when the circuit is switched on makes 
it unsuitable for some purposes. A circuit where there 
is no doubt about which transistor comes on is some¬ 
times required. Such an arrangement is the Schmitt 
trigger. Fig. 10.13. If the slider of VRl is moved to 
earth, TRl is off, TR2 is then turned on because R3 
acts as its base bias resistance. If the slider is at the 
supply rail TRl is on and TR2 is off. 



Fig. 10.13. A very popular “building” circuit, the Schmitt trigger. 
By biasing one transistor hard on, a large a.c. input causes 
periodic changes of state. The output is a square wave. 


You might think that there must be some inter¬ 
mediate setting of VRl at which both transistors are 
on and the l.e.d. just glows dimly. Try to find it and 
you will discover that the circuit jumps abruptly 
from one state to the other. You then have to move 
VRl quite a bit to get the circuit back the way it 
was. This behaviour is called backlash. 

If a.c. of sufficient amplitude is applied to the base 
of TRl the circuit changes state periodically, snapping 
from one state to the other very quickly. The Schmitt 
trigger is often used like this to generate square 
waves from sine waves. The variable resistor, VRl 
can be set so that exact 50/50 square waves are 
generated. 

The trigger circuits we have looked at so far have 
had either all d.c. feedback couplings or all a.c. If 
one feedback coupling is a.c. and the other d.c. a 
monostable circuit can be produced. This remains 
quite stable in one state until a trigger pulse is 
applied. Then it flips temporarily to the other state 
until the coupling capacitor charges or discharges. 
Then it reverts to normal. 



Fig. 10.14. A monostable circuit. When an a.c. input is applied, 
pulses of fixed duration are produced. 

If the trigger pulse is short, the duration of the 
abnormal state is controlled by the CR time constant 
of the a.c. coupling. So the monostable can be used 
to generate pulses of known duration. In a mono¬ 
stable derived from a Schmitt circuit. Fig. 10.14, TRl 
is normally off and TR2 on. A positive trigger pulse 
turns TRl on and TR2 off, for a time which can be 
set by varying C2 or R5. 


Next month a wide variety of subjects wilt be discussed 
under the broad title of Transducers. 


QUESTIONS 

10.1 Which of these is not a binary code; 

a. 49944994 

b. ABBCCBCC 

c. ???-l--l--|-??-t-?-f ?+ + 

10.2 If you had eight digits, what is the highest number in 
binary you could count up to? 

a. 255 

b. 16 

c. 34 

10.3 Adding an inverter to an OR gate turns it into; 

a. an AND gate 

b. a NOR gate 

c. a bistable 

10.4 What is the sum of the following binary 
numbers in decimal: 11+1001+1010-1-1 

a. 23 

b. 15 

c. 4 

10.5 Which type of gate would you require to 
perform the logic operation A+B^C; 

a. A NANO gate 

b. A NOR gate 

c. An INVERTER 


ANSWERS (To Part Nine) 

9.1. 700kHz (b) 

9.2. the frequency of the tranmisslon (a) 

9.3. 799, 800 and 801 kHz (c) 

9.4. 2-998MHz (c) 

9.5. 30kHz (a) 
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POWER SLAVES 
INAOIONI 


By E. M. Lyndsell 




I N LAST month’s issue were 
featured full constructional de¬ 
tails for building a 100 Watt 
Power Slave amplifier suitable for 
use in the pop group, PA, disco 
and hi fi fields. Now we shall be 
looking at possible arrangements 
in these areas where the power 
slaves could be successfully em¬ 
ployed. 

FACILITIES 

Two versions of the slaves were 
described, these being for 4 ohm 
or 8 ohm speaker loads into which 
100 watts r.m.s. could be realised. 
The front panel controls, inputs 
and output sockets are the same 
in both cases. Besides the on/off 
switch only one control was in¬ 
cluded, this being a volume con¬ 
trol although in some applications 
this is considered superfluous 
where it is left at maximum setting 
and the volume controlled from 
the preamplifier stage. 

PARALLEL WIRED SOCKETS 
The slave is equipped with two 
input sockets wired in parallel but 
use of one of these is reserved for 
linking to other power slaves when 
output powers greater than 100 
watts are required. This means of 
inputting to additional slaves 
eliminates the need for multiple 
long runs of screened cable from 
preamplifier to each slave. Fig. 1. 

This clearly has advantages as 
can be seen in the photographs 
last month, besides being economi¬ 
cal on screened lead and pre¬ 
amplifier outlet sockets. 

Two output sockets wired in 
parallel were included as a con¬ 
venient means of splitting the 
speaker load allowing distribution 
of the sound for example to 
speaker cabinets situated in left 
and right areas on stage. Further 
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distribution can be achieved by 
additional runs of cable between 
these speakers and each additional 
cabinet; for this an extra parallel 
wired socket is required on each 
cabinet. One advantage of this 
idea is the reduction in lengths of 
required speaker cable and less 
congestion at the amplifier front 
panel. 

LOUDSPEAKER IMPEDANCE 

As can be seen from Fig. 2 last 
month, the inclusion of the short- 
circuit protection network allows 
the power slaves to safely handle 
a wide range of speaker loads, 
but will only deliver full output 
(lOOW) for a single value load i.e. 
4 or 8 ohms. 


The realisation of these im¬ 
pedances can be achieved by many 
different speaker impedances con¬ 
nected in series, parallel and 
series/parallel arrangements. Now 
heavy duty speakers designed for 
pop and disco work are generally 
only available in 8 or 15 ohms, so 
only these will be considered in the 
suggested arrangements in Fig. 2. 
The total resulting impedances in 
some c^lses (c), (e), (g), (h) and (i) 
are slightly below the nominal 
values of output load (4 and 8 
ohms), but the resulting reduction 
in maximum output power is un- 
noticeable to the ear. 

In systems involving multiple 
speakers, some of these can repre¬ 
sent horns for improved high fre- 









Fig. 2. Arrangements of 8 ohm and 15 ohm loud¬ 
speaker drive units to produce sultahle systems for 
the two versions of the power slave; (a) to (e) are 
suitable for the 4 ohm version and (f) to (I) are suitable 
for the 8 ohm version. The total load as seen by the 
slave amplifier In each of these arrangements is; 
(a) 4 ohms, (b) 4 ohms, (c) 3-75 ohms, (d) 4 ohms, 
(e) 3-75 ohms, (f) 8 ohms, (g) 7-5 ohms, (h) 7-5 ohms, 
(I) 7-7 ohms. 


(a) 



Fig. 4 (a). Increasing the output power capability for an electronic 
instrument (or PA) via the slave output socket on the existing 
equipment and (b) forming the amplification equipment for in¬ 
strument with a suitable pre-ampllfler. 
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A mini stereo mixer, the Howiand West 
MX690 with faciiities for two microphones, 
two record deck cartridges and two tape/ 
tuners. 

quency performance, but cross¬ 
over networks will need to be 
employed for best results. High 
impedance piezo-horns are cur¬ 
rently fashionable and these can 
be wired directly in parallel with 
any of the shown arrangements 
with virtually no effect on total 
load impedance. No cross-over net¬ 
work is required for this type of 
horn. 


POP GROUP 

In the pop group it is thought 
that the power slaves will mostly 
be used in the PA system and will 
be fed from a mixer. This usually 
has six or more inputs and one or 
two (sometimes four) outlets. 
Besides mixing the signals, they 
are boosted in level and can be 
tailored with bass, midrange, and 
treble, boost and cut and other 
effects such as reverberation, echo 
and phase. 

A typical 100 watt PA system is 
shown in Fig. 3a. The speaker load 
is split as previously mentioned 
and can be of any speaker com¬ 
bination to provide the correct 
loading to suit the slave built. 

For increasing the total output 
power, a second slave can be 
linked as shown in Fig. 3b. The re¬ 
quired speaker system handling 


capacity is now twice that of Fig. 
3a. Further links can be made in 
a similar manner. 

It is smprising that with all the 
amplification in use on stage by a 
pop group, the people who find it 
difficult to hearwhat is being played 
are the performers, especially the 
vocalists. To overcome this a fold- 
back system is employed. This re¬ 
quires a second outlet on the 
mixer, through which selected 
channels can be fed to another 
power slave loaded with foldback 
or monitor speakers. These are 
facing the performers, hence the 
name foldback Surh a set-up is 


.iiJiliiuiriiiiiuiua 


Well known by professionals, this mixer 
costing about £1650 and manufactured by 
Macinnes Laboratories has 18 microphone 
or line balanced inputs with a total of 9 
output channels, (4 master, 2 echo, 2 
foldback and 1 headphone), 
shown in Fig. 3c. This is used by 
the group who appeared in the 
June issue. 

For the musician a power slave 
can be employed to (i) increase 
his power output capability by 
linking from his existing amplifier 
(preamp and power amplifier com¬ 
bined) to a power slave. Many 
commercial amps are nowadays 
equipped with a slave output 
socket for such a purpose, see Fig. 
4a; or (ii) as his amplification 
equipment when preceeded by a 
suitable preamplifier, see Fig. 4b. 

DISCO 

On the disco scene the power 
slave has similar applications to 
that in the pop group in so far as 
having two main areas of employ¬ 
ment (i) increasing output power 


level or (ii) forming the power 
output stage of a disco set-up. In 
the majority of disco set-ups a 
stereo system is used. A typical 
set-up for requirement (i) is 
shown in Fig. 5. For the second re¬ 
quirement ignore the “existing” 
equipment, stereo amplifier and 
speakers. 

The disco console is fitted with a 
stereo preamplifier incorporating 
equalisation etc. suitable for input¬ 
ting to a power slave. 

HI FI 

The performance of the power 
slave was thought good enough by 
the author and others to be 
grouped in the hi fi category when 
used with a suitable preamplifier. 
It was however never tested at 
full power in this mode since the 
speakers for this power level were 
not available and secondly the 
signal source was only about 200 
millivolts being derived from the 
tape output socket of a commercial 
hi fi amplifier. The amplifier can 
safely handle hi fi type enclosures 
which are normally equipped with 
cross-over networks and appear 
highly reactive. The short-circuit 
protection has been designed to 
accommodate this kind of load. 

It is important to obtain a pre¬ 
amplifier with sufficient output 
level (at least 775 millivolts) to 
drive the power slaves to full 
power. The sensitivity of the slaves 
may be increased by altering the 
values of the feedback resistors 
R5 and R6. For increased sensi¬ 
tivity, R6 should be increased 
and/or R5 decreased. If decreasing 
R5, capacitor C7 needs to be in¬ 
creased in value so as to avoid 
premature low-frequency roll-off. 
The changes involving R6 have not 
been carried out by the author. It 
A popular mixing console to be found in 
use by many present day bands, the Hill 
16/2B. This unit has 16 balanced inputs and 
two master output channels. Other facilities 
include PFL, pan, 4-band equalisation 
and twin foldback on each output. 




RIGHT LEFT 


Fig. 5. Increasing the output power of a stereo disco set-up by 200 watts—100 watts per 
channel. All the necessary equalisation will have been taken care of in the console pre¬ 
amplifier. 
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SKILL-STRATEGY- SUSPENSE 


UA6MIRE is an electronic game 
of suspense, skill and strategy 
for 2, 3, or 4 players. It is a true 
electronic game and not a simula¬ 
tion of a game more usually played 
in other ways (for example TV 
football, squash, electronic noughts 
and crosses etc) but a new game 
in its own right, that cannot be 
realised in any way except by 
electronic means. 

Briefly, the board bears a number 
of touch-plates (the “danger-spots”). 
A lamp on the board flashes regu¬ 
larly, slowly at first, but at an in¬ 
creasing rate as more touch-plates 
have been contacted in certain 
combinations. Eventually, touch¬ 
ing one of the plates (it is almost 
impossible to work out in advance 
wWch one it will be) causes the 
lamp to be extinguished, and the 
player loses one piece. (Rules and 
playing instructions are given 
later). 

CIRCUIT DESCRIPTION 

The complete circuit diagram of 
the Quagmire game is shown in 
Fig. 1 and can be seen to con¬ 
sist of distinct sections: touch- 
switches, bistables, oscillator, latch, 
and logic circuitry and we shall 
deal with them in this order. 


The touch-switches all have the 
same design though the values of 
R5, C5 used in touch-switch E are 
different from those in the other 
touch-switches. When the touch- 
plate is contacted, this causes a 
change of potential at the gate of 
the field-effect transistor. The 
result of this is that the resistance 
between the source (s) and drain 
(d) terminals suddenly increases, 
bringing about a sharp drop of 
potential at the source terminal 
with respect to OV. The output of 
the switch falls from about 4-5V 
(3V in switch E) to almost OV 
when the plate is touched. 

The function of the by-pass capa¬ 
citor is to damp out small fluctua¬ 
tions and spikes in the output 
voltage, so that the next stage is 
triggered only when the plate is 
touched. The larger value of C5 
means, that once switch E has been 
touched, its output goes low 
immediately, and remains low for 
several tens of seconds. 

As we see in Fig. 1, several 
touch-plates are connected to each 
touch switch. Those connected to 
switches A, B and C are pairs of 
danger-spots in the central region 
of the board; these are not neces¬ 
sarily adjacent danger spots. The 


plates connected to switch E are 
scattered around the edge of the 
board. 

BISTABLES 

There are four bistables in all 
and each bistable is built from two 
NAND logic gates. All the necessary 
gates are contained in two i.c. 
packages, ICl and IC2. The action 
of these is best described with 
reference to Fig. 2. 

Normally, both inputs are high 
(greater than about 4-5V) and the 
output is either low (close to OV, 
state A) or high {state B). 

In state A the inputs and output 
of both gates are in agreement 
with the NAND truth table, so the 
circuit is stable. If input A is 
momentarily made low, the output 
of gate A must go high; now the 
circuit is in a transition state. 
Instantly, the high input to gate 
B causes its output to go low. 
Once again the inputs and outputs 
of both gates are in agreement 
with the truth table, and the circuit 
is stable in this state, state B. 

To make the circuit change back 
to state A, we must make input B 
low. Note that once the bistable 
has been made to change state by 
making one of its inputs low, that 
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input can be made high again with¬ 
out making the bistable change 
back to its previous state. 

The bistables in Quagmire are 
connected to the toudi switches (A 
to D) by input A, so their output 
goes high (state B) when the con¬ 
nected switches are touched. Their 
B inputs are wired together and to 
a resistor R6, which holds them at 
high potential. When SI is pressed, 
all bistables are reset to state A. 


CHANGED 


STATE A 


Fig. 2. The operation of the bistables in stages and the truth table for a NAND gate. 
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Fig. 1. The complete circuit diagram of the Quagmire game. The inset contains internal details of ICS and the necessary linking to realise 


OSCILLATOR CIRCUIT 

The oscillator is needed to make 
the lamp flash. In a simpler form 
its action is shown in Fig. 3. 

Like the bistable, it can exist in 
two states, but it is not stable in 
either state, so it is called an 
astable multivibrator. It is built 
from two CMOS inverter logic gates. 

In state A, the output of in¬ 
verter A is high, so the potential 
of Cl is high and also the input to 
inverter B. The output of inverter 
B is therefore low, together with 
the input to A. There is a large 
potential difference between the 
two ends of Rt, causing a current 


Everyday Electronics, July 1978 


the two gates, G5a and G5b. 




Fig. 3. The operation of the oscillator circuit composed of two CMOS inverter gates. 
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COMPONENTS 


Resistors 

R1 Ikn 
R2 Ikn 
R3 1kn 
R4 Ikn 
R5 330kn 
R6 5-6 


R8 5-6kn 
R9 5-6kn 
R105-6kn 
R11 5-6kn 
R1268kn 
R13lOkn 
R14 4-7kn 



R7 4-7kn 

All i watt carbon ± 10% 

Capacitors 

Cl to 4 10/uF 6V elect. (4 oft) 

C5 150|iF6Velect. 

C6 4-7iuF 10V tantalum 

Semiconductors 

TR1 to 5 2N3819 n-channel field effect transistor (5 oft) 

TR6 ZTX300 silicon npn 

Integrated circuits 

IC1 CD4011 CMOS quad 2-input NAND 

IC2 CD4011 CMOS quad 2-input NAND 

IC3 CD4016 CMOS quad bilateral switch 

IC4 CD4000 CMOS dual 3-input NOR plus inverter 

IC5 CD4007 CMOS dual complementary pair and inverter 

IC6 CD4011 CMOS quad 2-input NAND 

Misceiianeous 

SI s.p.s.t. toggle 

S2, 3 push-to-make, release-to-break push button switch—different 
colour fixing rings (2 off) 

LPI 6V 60mA in panel mounting holder 

B1 6V SP2 or SP11 1-5 volt cells (4 off) 

Stripboard 0-1 inch matrix 36 strips by 29 holes; 14 pin d.i.l. sockets 
(6 off) or Soldercon pins (84 off) 0-1 inch type Veropins (10 off); battery 
holder to suit B1; 25mm long 6BA bolts, (2 off); 6B A nuts (6 off) 6BA 
shake-proof washers (4 off); 6BA solder tag (1 off); 6BA plain washer 
(1 off) materials for making case and panel; sheet aluminium kitchen 
foil; card; coloured paper; coloured position marker “spots", 4 yellow 
approximately 150 green (Boots); brass-plated drawing pins with red 
plastic-covered heads (34 off); epoxy resin adhesive; contact adhesive; 
scrap plastic-covered mains flex; Halma pieces or 10mm diameter 
dowelling (4 off each of 4 colours); connecting wire; solder. 


I to flow, as indicated. This 
gradually discharges Cl, at a rate 
dependent on the value of Cl and 
the value of Rt. 

The greater the resistance of 
Rt, the more slowly the capacitor 
is discharged. Eventually, the 
potential of Cl (and at the input to 
inverter B) falls below the switch¬ 
ing level, and inverter B has a low 
input. Immediately its output goes 
high, providing a high input to 
inverter A. The output of A goes 
low and the potential of Cl goes 
low too. Now the astable is in state 
B. 

In this state current flows 
through Rt, though in the opposite 
direction, charging Cl. When it is 
charged to a sufficiently high 
potential, inverter B has a high in¬ 
put and the astable reverts to state 
A. The cycle continues indefinitely 
at a rate which can be altered by 
altering the value of Rt. 

ELECTRONIC SWITCHING 

In the Quagmire circuit elec¬ 
tronic switching is employed to 
alter the value of Rt which is repre¬ 
sented by the resistor chain R7 to 
Rll. ICS contains a set of four 
switches by which any one or more 
of resistors R7 to RIO maybe short- 
circuited and effectively removed 
from the chain. 

When the control input to a 
switch is low, the switch is open; 
when the control input goes high, 
the switch is closed and current 
can flow through it instead of pas¬ 
sing through the associated re¬ 
sistor. 

At the beginning of the game, 
when all bistable outputs are low, 
all switches are open and the 
charging current flows through all 
resistors—a total of 27-1 kilohms. 
As the bistables become triggered 
one by one, the corresponding 
switches are closed and the effec¬ 
tive resistance of the chain de¬ 
creases in steps of 5-6 kilohms to 
4-7 kilohms. As this happens the 
rate of flashing of the lamp be¬ 
comes faster and faster. 

LATCH CIRCUIT 

The latch consists of four nand 
gates, all contained in IC6. Two 
of the gates are connected to form 
a bistable. When the input to the 
other two gates is high, an alter¬ 
nating input to these gates causes 
an alternating output. The input to 
these gates come from the 
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oscillator circuit, on either side of 
inverter A, so that when one is 
high the other is low. Thus, as the 
oscillator changes state, a low in¬ 
put is directed to each gate of 
the bistable, in turn, which also 
changes state. 

If S2 i§ pressed, each of the gates 
wired to it has a low input and 
then, no matter what the state 
of its other input, the gate output 
is high. The bistable remains in 
whatever state it was in when the 
button was pressed. This is how 
the pressing of S2 causes the lamp 
to stop flashing and remain either 
on or off for as long as the button 
is held. 

The output from the bistable 
goes to a NOR gate (G5b), which 
also receives an input from the 
logic circuit, in fact, it is part of 


the logic circuit. The output of a 
NOR gate is low whenever any one 
or more of its inputs is low. If the 
output from the connection of G4a 
and G4b is low, and that from the 
latch is alternating, an alternating 
output from G5b is obtained. 
Pulses of base current are supplied 
to TR6, which is turned on and off 
regularly, causing the lamp to flash 
(unless S2 is pressed when it will 
stop, either on or off). If the output 
from G4a/G4b goes high, the out¬ 
put of G5b goes low, the lamp is 
extinguished, forcing the player’s 
piece out of th6 game. 

LOGIC CIRCUIT 
The logic circuitry consists of 
three nor gates (G4a, G4b and 
G5b) and behaves in a way that is 
not easily predictable, and we shall 
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not attempt to describe its action 
here. The input provided from 
touch-switch E is verging on the 
borderline between high and low, 
there are many stray pulses 
wandering around the Quagmire 
circuit that may set or reset the 
bistables individually without the 
operation of touch-switches or SI; 
finally there is a wired-or connec¬ 
tion between the outputs of G4a 
and G4b. All these factors combine 
to make the operation of the logic 
circuits rather illogical. 

When designing the prototype 
the author found the the wired-or 
connection made it possible to 
obtain the sort of partly logical 
and partly unpredictable behaviour 
that was required, using the mini¬ 
mum number of gates. It was 
thought that the circuit behaviour 
should model that of a quagmire— 
one can make a statistically sound 
prediction of what should happen 
when you land on a danger-spot, 
but you can never be quite sure of 
the eventual result, whether you 
sink or survive. 

Having built the circuit, the 
author then consulted the data 
book and found that wraED-OR con¬ 
nections are not allowed with cmos 
circuits. Allowed or not, this one 
produces the right kind of effect 
for the game. 

When you have completed this 
circuit you will be able to see how 
even a simple set of gates can 
develop a mind of its own, and 
begin to wonder when some of our 
computers will begin to behave in 
the same kind of way. 


START 

J HERE FOR _ 
^CONSTRUCTION 


CONSTRUCTION 

As can be seen in the photo¬ 
graphs and drawings, a large 
number of interwiring connections 
are required to be made which 
could prove troublesome for the 
novice constructor but should not 
be beyond his capabilities if 
tackled in an orderly manner. 

In an effort to make construc¬ 
tion and wiring easy to follow, the 


components and interwiring on the 
topside of the stripboard are shown 
in separate drawings. Fig. 4a and 
4b. The author suggests that the 
unit be built in stages and each 
stage tested before proceeding to 
the next. 

The board used in the prototype 
was 0-1 inch matrix stripboard 
size 36 strips X 29 holes. Begin by 
cutting the board to size, drilling 
the two fixing holes and then 
making the breaks on the under¬ 
side according to Fig. 4c. Veropins 
are used for some wiring to 
make construction easier. These 
should next be inserted and 
soldered in place. 

In the prototype the i.c.s were 
soldered directly to the component 
board, but it is recommended that 
i.c. sockets or Soldercon pins be 
used. The usual precautions for 
handling cmos must be observed. 

With reference to Figs. 1 and 
4b, make the interconnections 
around ICl and IC2, not forgetting 
those to the battery supply rails 
and then insert ICl and IC2 in their 
holders. To test these bistables, use 
a loose wire connected to the 
ground rail (battery negative) and 
touch it against the A inputs of 
each bistable in turn. A voltmeter 
connected to the output wire 
should show a sharp rise from low 
to high. Then touch the reset pin 
with the grounded wire; the output 
should fall sharply to zero. 

Next assemble the touch-switch 
components, and connect them to 
the inputs of the bistables. There 
is no need for touch-plates at this 
stage. To test a switch, simply 
touch the appropriate terminal 
with your finger; observe the 
change in output of the bistable, 
by using a voltmeter. 

OSCILLATOR COMPONENTS 

Next build the oscillator. The 
inverters for this are contained in 
IC4 (input pin 8, output pin 9) and 
ICS (input pin 6, output pin 8). The 
latter i.c. the CD4007, known as a 
Dual Complementary Pair and In¬ 
verter is a versatile cmos i.c. con¬ 
sisting of an array of six mos tran¬ 
sistors. By suitable external wiring, 
these can be connected to make 
several combinations of logic gates. 
Here they are wired to make an 
inverter (G5a) and a 2-input nor 
gate (G5b). To build the oscillator 
you need both i.c.s in position, with 
R12 and C6 connected to them. 


All the wires connected to IC4 
and I(^ must be soldered in place 
at this stage. 

Those inputs that are not cur¬ 
rently being used (IC4, pins 3, 4, 5, 
II, 12, 13) should be temporarily 
connected to the ground rail. Con¬ 
nections between IC4 pin 10 and 
ICS pin 10, and between IC4 and 
the latch inputs should also be 
made. For the moment, do not 
assemble TR6 and its associated 
components. 

Temporarily wire a resistor value 
about 22 kilohms between holes 
r2 and H4. This is a substitute 
for the resistor chain, allowing you 
to test the oscillator before wiring 
up IC3. When all is complete, in¬ 
sert IC4, ICS and IC6 and switch 
on; apply a voltmeter probe to 
pin 6 and 8 of ICS. The needle 
should show rapid kicks at about 
1 hertz. The output of the latch 
(ICG, pin 11) should show a similar 
kicking, and grounding the latch 
terminal pin (hole K13) should 
result in the meter reading be¬ 
coming steady—either high (6V) 
or low (OV). 


BILATERAL SWITCH 

Next assemble ICS (the quad¬ 
ruple bilateral switch) and the re¬ 
sistors and other connections 
associated with it, except those to 
IC4 and ICS. The action of this 
can be tested by connecting an 
ohmmeter across points X20 and 
S12. When the reset terminal pin 
(X23) is grounded, all switches 
should be open and the total re¬ 
sistance of the chain should be 
22-4 kilohms. As you touch the 
input pins of touch-switches A to 
D in turn, the resistance reading 
should drop to 16-8 kilohms, tiien 
11-2 kilohms, then S-6 kilohms 
and finally to zero. 

Now solder resistor R7 in posi¬ 
tion and the wire connecting IC3 
(X20) to capacitor C6 (H4). The 
chain of resistors is now part of 
the oscillator circuit, and the tem¬ 
porary 22 kilohm resistor should 
be removed, if it has not been re¬ 
moved already. 

Complete the remainder of the 
board wiring, including all inputs 
to IC4 which were previously con¬ 
nected temporarily to ground, 
solder in position R13 and TR6. 
With a temporary connection to the 
lamp, you can now test the whole 
circuit. 
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Fig. 4a. The layout of the components on the topside of the 
stripboard. Orientate the i.c.s. with reference to the indenta¬ 
tion at one end. 



The completed component board of an early prototype. 



Fig. 4b. The circuitry to be carried out on the topside of the 
stripboard after components have been positioned and 
according to instructions. 
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Ground the reset pin (X23) the 
lamp, if not already on and flash¬ 
ing, should begin to flash at its 
slowest rate. Remove the ground 
connection from the reset pin. 
Then touch the input pins of the 
touch-switches in turn, using your 
finger. The rate of flashing should 
increase by stages, eventually be¬ 
coming so fast that the lamp 
almost appears to glow at half 
strength. At some stage the lamp 
becomes extinguished, showing 
that the logic circuit has had its 
effect. 

If the circuit is left untouched 
for long enough, the lamp will 
eventually brighten and begin to 
flash again, though rapidly. 
Grounding the reset pin will make 
it resume flashing at its slow rate 
almost immediately. Ground the 
latch pin (K13) the lamp should 
stop flashing and remain on or off 
until the connection between pin 
and ground is broken. If all is well, 
preparation of the case and top 
panel can commence. 

TOP PANEL 

It is often convenient to use a 
ready-made wooden box of suitable 
size. For the prototype the author 
was lucky to have an old record- 
player case available. If a ready¬ 
made case is not to hand, it is a 
simple matter to construct a case 
from blockboard or plywood. The 
exact dimensions are not critical. 
The internal dimensions of the 
author’s cabinet are 320 x 230 x 
60 mm. 


ZONES 

The top panel is made from 
thinner plywood or hardbo 2 U'd. 
Thin card of suitable colour (e.g. 
brown) is stuck to the top surface 
of the panel and holes drilled for 
the lamp and switches. Then the 
plan of the playing board is drawn 
or painted on the card. A half-scale 
plan of the prototype board is 
shown in Fig. 5. The “home” spots 
and “safe” spots can be marked by 
using the coloured self-adhesive 
discs sold for “spotting” photo¬ 
graphic slides; these are available 
in packets containing several hun¬ 
dred spots in red, yellow and 
green. 

The “danger” spots are marked 
by plastics-covered drawing-pins 
(red) some of which form the 
touch-plates. Drill holes about 2mm 
diameter centred on the point 


Fig. 5. A plan view of the playing area showing the pathways used on the prototype (half¬ 
scale) and the position of the panel mounted switches and lamp. 


where each danger spot is to be. 
Strip the plastics insulation from 
a short piece of mains flex and cut 
this into pieces about 4mm long. 
Thread a piece on to each pin, 
pushing it up toward the head as 
shown in Fig. 6 so that the point 
of the pin projects below the 
plastics sheath. Glue these into the 
holes bored in the panel using 
epoxy resin adhesive. Thirty-four 
such pins are used in the proto¬ 
type, though only 18 are connected 
as touch-plates at any one time. 
The rest are dummies, whose pur¬ 
pose is to confuse the players. 


Complete the board marking by 
cutting out pieces of coloured 
paper and sticking these in position 
to mark the areas beside the play¬ 
ing area where pieces are to be 
placed when “waiting”, “home” or 
“sunk”. The appropriate scores 
can be marked on these areas. 


SCREENING 

The reverse side of the top panel 
needs to be covered with a sheet 
of aluminium kitchen foil to the 
same size as the panel, and glued 
to the underside of the panel. 
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and all the inner surfaces of the 
case using contact adhesive. Where 
the points of drawing-pins project 
from the board, press the foil flat 
so that they penetrate it, and then 
peel away the foil from a circular 
area about 5mm in diameter 
around each point. The foil acts as 
a shield to prevent the picking up 
of electrical disturbances by the 
wires joining the pins to the 
circuit board. Make holes in the 
foil where the lamp and switches 
are to be mounted. Drill two 6BA 
holes for the bolts on whidi the 
circuit-board is to be mounted. The 
lamp, switches and board may now 
be mounted on the panel. 

One of the board mounting 
bolts has a solder tag and washer 
fitted to it, and the nut is tightened 
to bring the tag/washer into good 
contact with the aluminium foil. 
Bolt the battery holder to the floor 
of the case and then complete the 
off-board wiring, according to 
Fig. 7. 

You may find it difficult to make 
durable solder connections to the 
drawing pins. A good joint is 
helped by cleaning the tip of the 
pin with a fine file, just before 
attempting to solder the lead to it. 
Leads between pins and circuit 
board should be kept as short as 
possible. Make sure that no bare 
wires touch the foil. 


EARTHING 

The ground rail of the circuit 
board is connected to the foil by 
means of the solder tag already 
referred to. When all connections 
have been made, the panel is 
bolted into position and the whole 
system may then be tested. 

You may find that resetting is 
very slow, or that the system is too 
prone to spurious triggering when 
you merely wave your hand over 
the board. This can generally be 
cured by earthing the system. 

One of the bolts fixing the 
battery-holder is connected to 
battery negative and the foil lin¬ 
ing the case. The head of the 
bolt, outside the case should then 
be fitted with a piece of springy 
brass to make contact with the sui> 
face on which the case is resting. 
This will probably give sufficient 
earth connection. If it does not, 
try running a wire from the bolt to 
the nearest earth point (e.g. floor 
of room). 
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QUAGMIRE RULES OF PLAY 


AIM OF THE GAME 

The board represents a 
quagmire and the aim of each 
player is to get as many pieces 
across from one corner of 
the quagmire to the opposite 
corner as quickly as possible 
and without losing any by 
sinking at the danger spots. 
Each player has 4 pieces of the 
same colour, numbered 1 to 4. 
The pieces are first placed in 
the WAITING area at the side 
of the board. 

THE BOARD 

The board bears a large 
lamp that flashes at a speed 
Indicating the amount of risk 
of sinking in a danger spot at 
that time. It is also used for 
deciding whether a piece is to 
be moved one step or two 
steps in its turn (see MOVING). 

The board is marked with 
paths through the quagmire, 
on which paths there are spots; 

HOME spots (yellow) Players 
begin and end journeys here. 

SAFE spots (green) Piayers 
jump from one to the next (or 
next but one) as they move. 

DANGER spots (red) If 
a piece is due to iand on one 
of these, the piayer must 
touch the spot with a finger 
before piacing the piece on the 
spot, if the lamp goes out, 
the piece is sunk in the 
quagmire, and is out of the 
game, it is immediateiy placed 
in the SUNK area at the side 
of the board. Pieces beionging 
to other piayers, or other 
pieces belonging to the same 
player, which are on other 
danger spots when the lamp 
goes out, are not affected. 

To make the lamp begin 
flashing again, the RESET 
button (blue) is pressed and 
held until the lamp flashes at 
its siowest speed. 

No two pieces may be on a 
spot at the same time. Pieces 
may not pass each other on 
the same path, or jump over 
each other. 

MOVING 

Moves are decided by pres¬ 
sing the STOP button (yellow). 
When this is pressed and 
heid, the iamp stops flashing: 


If it stops OFF, the piece is 
moved to the next spot on 
its path. 

If it stops ON, the piece 
jumps over the next spot and 
lands on the one beyond. 
In this way a lucky player may 
jump over a danger spot and 
is not required to touch it 
with a finger. If a player is 
unlucky and jumps right on 
to a danger spot, the spot must 
be touched before landing 
there. 

STARTING 

Press the RESET button 
until the lamp flashes at its 
slowest rate. Place all pieces 
on the WAITING area. To 
decide who is to begin, players 
press the STOP button in 
turn. If the lamp stops ON, 
that player is in; if it stops 
OFF, that player is out' Players 
who are in press again, if 
necessary, until only one player 
is in. That player is first to 
play and has the choice of 
corner. 

If there are only 2 players, 
they play from diagonally op¬ 
posite corners of the board. 
Players place one of their 
pieces on their HOME spot. 
The first player then moves 
as instructed above, and other 
players follow in clockwise 
rotation. 

PLAY 

In subsequent turns, players 
may move the same piece or 
they may put another piece on 
the HOME spot and move that 
instead. Only one piece may 
be moved at each turn. All 
four pieces belonging to a 
player may be on the board 
“crossing" at the same time. 

Before pressing the STOP 
button in turn, a player must 
announce which piece is to 
be moved. 

Normally a piece is moved 
in a forward direction along 
its path; if a player wishes to 
reverse direction this must be 
announced before pressing 
the button. 

A player must move one 
piece each turn, unless pre¬ 
vented from doing so by a 
blockage (see below). 


ROUTES 

Players may choose any 
route between their starting 
HOME spot, and their desti¬ 
nation HOME spot at the dia¬ 
gonally opposite corner of the 
board. Routes across the 
centre of the board are shorter 
than those around the edges, 
but the danger spots in the 
central region have, on aver¬ 
age, a higher probability of 
extinguishing the lamp and 
so sinking the piece. 

At the beginning of the 
game, when the lamp is 
flashing slowly, the risks are 
small and it is reasonably safe 
to venture across the central 
region. 

Each time a danger spot is 
touched by any player, the 
rate of flashing may increase, 
indicating increasing danger. 
When the lamp is flashing very 
rapidly, the next player to 
touch a danger spot is likely 
(though not certain) to be sunk. 

After a piece has sunk, and 
the lamp has been reset to 
flash slowly, risks are reduced 
again for a while. 

A player may wish to choose 
a route that avoids certain 
spots which are believed to 
be especially dangerous, or 
to avoid areas of the board 
blocked with other pieces— 
it could also be worth while to 
obstruct the path of a piece 
belonging to another player. 

Note that some of the 
touch switches are triggered 
only at the first touch. A 
second piece arriving later 
at the same danger spot is 
not able to trigger it a second 
time, so the lamp will not be 
extinguished and there is no 
danger of being sunk. Players 
can take note of triggered 
spots to plan safe routes. 

BLOCKAGE 

Players may not overtake, 
or pass when moving in 
opposite directions. When the 
path of a piece belonging to 
player A, is blocked by a 
piece belonging to player B, 
player A may (but need not) 
challenge player B when it is 
A’s turn to move. A says 
either “on” or “off” and then 
presses the STOP button. 
If his guess is correct A wins 
the challenge. The turn then 


passes to B, who must move 
fhe blocking piece according 
to fhe number of spaces 
indicated by the lamp, turn by 
turn, until it has been backed 
to an intersection of paths and 
into a path that A does not 
want to use. A in turn must 
follow the retreating piece 
and then move away from the 
intersection along the chosen 
path. 

After A has challenged B 
and until the winner of the 
challenge (A) has got clear of 
the blockage, neither player 
may move any other piece. 

If A loses the challenge 
(wrong guess), the turn passes 
to B who may challenge A 
immediately, at a later turn, or 
never. After a lost challenge 
either player may move any 
other piece at the next turn. 

HOME 

A piece arrives home when 
it lands on its home spot. It is 
not necessary to obtain the 
exact number of moves, so if 
a piece is on the spot next 
to home, it can be moved 
home at the next turn. In the 
turn in which a piece arrives 
home it is removed from the 
board and placed in the HOME 
area at the side of the board. 

ENDING THE GAME 

A player must move one 
piece each turn as long as the 
rules above permit it. If it 
is a player's turn and no move 
is possible, the game ends. 
This happens when all the 
pieces belonging to a player 
have either been sunk or have 
reached home. Note that if a 
player cannot make any move 
because of one or more 
blockages, this does not end 
the game; in this circumstance, 
the player must challenge one 
of the blocking players, and 
this challenge constitutes his 
move. 

SCORING 

When the game ends, 
players total their scores as 
follows: 

for each piece HOME 

+2 points 

for each piece CROSSING 

-FI point 

for each piece WAITING 

0 points 

for each piece SUNK 

—1 point 


PIECES 


Each player needs four pieces of 
the same colour. You may have 
an old Raima set which will pro¬ 
vide all that is required. If not, 
purchase a cheap set and use the 
pieces for playing both Raima and 
Quagmire. Alternatively, short 
lengths of 10mm diameter dowell- 
ing, coloured and numbered can 
be used. 


For Quagmire, the pieces of one 
colour should be numbered 1, 2, 
3 and 4. This is necessary, for it is 
one of the rules of the game that 
players must indicate which piece 
they intend to move before press¬ 
ing the latch switch. If you point 
at the piece you intend to move 
the motion of your finger and hand 
may trigger a touch-switch. This 


sort of hazard is not really desir¬ 
able; if the pieces are numbered, 
you call out its number instead of 
pointing. 

Now gather together a few 
members of the family, young or 
old, and explain the basic rules of 
the game. See who can be first 
home across those Quagmire! 
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N ot surprisingly in this age of 
instant products, the popu¬ 
larity of the Instant Photograph 
has rapidly grown. 

By far the most irapular cameras 
in use for taking instant pictures 
are from the Polaroid range. Many 
types are on the market, from the 
simple black and white camera to 
the more advanced colour cameras. 

The purpose of this article is to 
describe a simple modification 
which can be made to the Polaroid 
Land Camera to enable it to take 
black and white pictures without 
the need for flash. 

It should be mentioned however 
that once the modification is car¬ 
ried out, the camera can never be 
used as the manufacturer’s in¬ 
tended, for taking automatically 
exposed daylight colour photo¬ 
graphs. Furthermore, the modifi¬ 
cation will invalidate the manufac¬ 
turer’s guarantee. 


Having first made sure the joints 
are well made, the potentiometer 
can be carefully eased in place 
over the hole. A quick-setting 
epoxy glue or similar is then 
spread around the edge securing 
the potentiometer in place. Fig. 1(c). 

Whilst waiting for the glue to 
set a scale can be marked and 
placed in position. A scale similar 
to Fig. 1(d) may be traced. Or if 
preferred the actual markings can 
be left off, and the scale calibrated 
once experience has been gained 
using the camera with different set¬ 
tings. This will provide a more 
effective scale than with arbitrary 
markings. 

IN USE 

With the l.d.r. removed from 
the camera the user now has 
manual control over the shutter 
speed. This could be proved by 
leaving the potentiometer out. 


thus the internal circuit will be 
open circuit. In this position the 
shutter is controlled entirely by 
the time the exposure button is 
held down. 

This has been mentioned mainly 
for reference as an extra modi¬ 
fication could be incorporated 
whereby the potentiometer could 
be switched out of circuit thus 
enabling long time exposures 
(measured in minutes) to be made. 

The camera is, of course, loaded 
with black and white film as 
opposed to colour, and the flash 
cube removed. Some experiment¬ 
ing may be required to find the 
right settings of the potentio¬ 
meter with differing light condi¬ 
tions. 

Basically if the scene to be 
photographed is very dark then 
the shutter needs a long exposure, 
this means that maximum resis¬ 
tance is inserted in the circuit by 
the potentiometer. Conversely, if 
the scene is bright and well lit 
then a short exposure is required. 
In this instance the resistance 
should be small. 

As mentioned earlier a more 
accurate scale could now be made 
up corresponding to the different 
levels of illumination. Thus once 
the user is familiar with the use 
and recognises similar light condi¬ 
tions the potentiometer can easily 
be adjusted to suit that particular 
level of light. 13 


MODIFICATION 

First locate the lighter/darker 
button on the front of the camera, 
and carefully remove this by saw¬ 
ing it off using a small hacksaw 
Fig. 1(a). Be careful to avoid 
damage to the lens and surround¬ 
ing front. 

Once the button has been re¬ 
moved it should be possible to 
locate a light dependent resistor 
within the camera body. This 
component is removed using a 
soldering iron with a very fine bit. 
Again be careful to avoid melting 
the plastic surround. 

Cut the leads fairly close inside 
the hole ensuring that no excess 
is left inside. Now take the poten¬ 
tiometer VRl and resistor R1 and 
wire them as shown in Fig. 1(b). 
This should be done with care as the 
leads are required to be short and 
may part company with the rest 
of the circuit. Attach short lengths 
of flexible wire to the wiper and 
the other end of the resistor, and 
solder the two ends to the wires 
inade the camera. 
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Everytlay News 


TELEPHONE CHARGE CLOCK 

Telephone users will now be able to see at a glance the 
cost of a telephone call, including VAT, in pounds and pence 
as it is accumulating. This has been made possible by the 
invention of a device called a Telephone Charge Qock, manu¬ 
factured and marketed by Monitel Ltd, Dept EE, Berechurch 
Road, Colchester. 

Two versions of the unit are available, the UK model 
(£29-00) and the International model (£39-00) which covers 
Europe, North America and the Caribbean. The International 
model can also be card-programmed to cater for telephone 
calls to Australia, South America and South East Asia. 

The cost of a telephone call is dependent on several fac¬ 
tors: duration of the call, distance of the call, the time of day 
and the day of the week. All of these parameters are under 
the control of a single chip microprocessor located in the unit 
that is programmed with tariff rates and vAt by a punched 
card inserted by the user. When any of theste parameters are 
changed by the Post Office or Government! a new punched 
card to update the system will be provided by Monitel for 
an annual fee of £1-50 (UK) and £2-00 (Inteifnational). 

The Monitel is so designed that it forms the base-pad of 
the telephone set (available in matching colours), but is in 
no way connected to the telephone itself, in accordance with 
the requirements of the Post Office. However, the device does 
need to be permanently plugged into the mains to maintain 
the card programme. If disconnected from the mains for any 
reason, the card must be re-inserted. 


Equal Opportunity 

Lady engineers are in¬ 
creasing in number, but 
very slowly. Of 190,000 
chartered engineers regi¬ 
stered in the UK only 200 are 
of the fair sex. 

The lady intake is, how¬ 
ever rising. Eight years ago 
at Cambridge University 
there were only four read¬ 
ing engineering. Today there 


^ ^ ^ 

The secretary general of 
the ITU has forecast that 
there will be 1,200 million 
telephones in use in the 
world by the year 2000. 


LEISURE CENTRES 

Linking up on tape 
cassette systems to exploit 
the TV games market are 
General Instruments Micro¬ 
electronics Ltd and EMI. The 
idea is to have a super TV 
leisure centre. Like a music 
centre but for video, in¬ 
corporating a computer ter¬ 
minal on which all the family 
can involve themselves not 
only in, TV games of advemced 
form but also in programmed 
learning with Teletext and 
Viewdata as options. 


POP-CRAZY 

Anyone who doubts the 
pulling power of pop music 
can now put the doubts 
aside. On present projections 
over a million calls will be 
made to the Post Office Dial- 
a-Disc service this year. The 
service is second only in 
popularity to the Speaking 
Clock. 


A complete TV sound sys¬ 
tem on a single chip has 
been introduced by RCA. It 
includes a multi-stage i.f. 
amplifier—^limiter, an fan. 
detector and audio power 
amplifier which delivers 3W 
output to the loudspeaker. 

^ -5^ ^ 


SPACEWATCH 


The Department of Industry 
and the Science Research 
Council have written to 
universities, research bodies 
and other interested organisa¬ 
tions to point out that the 
European Space Agency 
(ESA) is seeking proposals 
for the Spacelab programme. 

Experiments which are 
thought to be most suitable 
for the Spacelab programme 
are in the fields of material 
sciences and space process¬ 
ing, life sciences, space tech¬ 
nology, atmospheric sciences, 
earth observations and 
geodesy, astronomy and 
astrophysics. 

The cost of launching and 
other implementation costs 
of these Spacelab missions 
will be borne 1^ the Govern¬ 
ments of the relevant 
Member States. Experi¬ 
menters will be expected to 
find the funds for their own 
preparatory work and the 


cost of manufacture of the 
experiment, but, of course, 
they can apply to be con¬ 
sidered for financial support 
through normal Government 
and Research Council 
channels. 

The United Kingdom has 
still to decide on its par¬ 
ticipation in these Spacelab 
missions. The interest shown 
by potential UK users wiU be 
one of the factors to be taken 
into account when a decision 
is made later this year. 

Full details of the pro¬ 
gramme and information for 
applicants is contained in 
E^’s Preliminary Call for 
Experiment Proposals 
(PCEP). Requests for copies 
of this document and for 
further information should 
be addressed to Space (RTS 
5) Branch, Department of 
Industry, Abell House, John 
Islip Street, London SWl. 


FLORAL DANCE 

At the recent “Festival for 
Mind and Body" (Olympia, 
London), house plants pro¬ 
vided the musical background 
for one of the stands. 

One stand had a green¬ 
house containing a variety of 
different plants and garden¬ 
ing equipmet; it was also 
wired for sound. A four- 
channel amplifier and 
speakers received input 
signals from a number of 
plant leaves via a Bio Activity 
Translator. This Translator 
generated musical notes 
which followed the increase 
and decrease of the plants 
bioelectrical potential, pro¬ 
ducing soft flute or bright 
brass-like sounds. 

The Floral Orchestra, as it 
is called, attracted a lot of 
intrest, as did the light dis¬ 
plays using coloured spot¬ 
lights with inputs connected 
via a Bio light system to the 
leaves of other plants. The 
resulting effect was an attrac¬ 
tive random sequence light 
show which could be altered 
by approaching the plant, 
talking to it or stroking it. 


Britain’s largest electrical/ 
electronic group of com¬ 
panies, GEC now has 164 
factories in the UK and 46 
overseas. The company 
employs 156,000 people at 
home and 36,000 abroad. 
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HOT SHOT 

The Sinclair Microvision 
pocket TV is selling well in 
gadget-conscious United 
States. Over 80 per cent of 
total production is air¬ 
freighted to US cities. 

The latest craze is for 
spectators at American and 
“European” football matches 
to watch close-ups and action 
replays of live broadcasts 
using their pocket TV. 


CLUB CORNER 


Amateur Electronics C 
annual Exhibition, at the Shelter, The 
Esplanade, Penarth, South Glamorgan, 
from June 15 to 22. 

On view will be members constructional 
projects ranging from the advanced to 
very beginners circuits. 


^ANALYSIS- 


OTHER PEOPLE — OTHER WORLDS 

Twentieth Century space flight with all its technical 
brilliance has so far not proved that civilisations other 
than our own exist in the Universe. In fact, apart from our 
own teeming Earth, no signs of life are evident in our 
own solar system, even in very low forms. 

A “local" search has provided negative results. But 
some researchers argue that if we widen our horizon to 
the galaxy in which we live, estimated to contain at least 
250 billion stars, perhaps as many as 1,000 billion, it is 
conceivable that anything up to a million other civilisations 
may be alive and well. 

So, for the past 18 years there have been various attempts 
to discover such civilisations, if they exist, by listening 
carefully for their radio signals. To date, none have been 
identified. Theorists who still believe there is life “out 
there” now think we have been listening in the wrong way, 
tuned to spot frequencies in the radio spectrum whereas 
it would have been better to look at whole blocks of fre¬ 
quencies simultaneously and analyse all the signals 
within a block for signs of intelligence as distinct from 
random noise which characterises most radio emissions 
from outer space. 

Now a seven-year programme of SETI (Search for 
Extraterrestrial Intelligence) is proposed in the United 
States using techniques newly available and made pos¬ 
sible by the microprocessor, large-scale memories, and 
low-noise radio receivers. The aerial systems will be the 
Deep Space array at Goldstone, California, and the Arec- 
ibo Radio Astronomy Observatory in Puerto Rico, both 
of exceptional collecting power. Heart of the signal pro¬ 
cessing system will be a spectrum analyser which will be 
able to scan a million radio channels simultaneously 
and indicate which, if any, contain intelligence. 

The researchers hope to hear, for example, radio broad¬ 
cast or TV signals which may have "leaked" into space 
rather than messages directed to us on earth. It is doubtful 
whether we could ever achieve two-way radio communica¬ 
tion because if another civilisation exists, say, 1,000 light- 
years away, it would take 2,000 years to get a reply. Even 
if intelligence-bearing signals are discovered, they would, 
on the same basis, be 1,000 years old when received on 
earth. In fact just a little piece of history. Are you listening, 
Brian 6. Peck 


ELECTRONICS AIDS THE DEAF 

During the National Deaf Childrens’ Week (May 7-13) a 
National Deaf Children’s Society Exhibition and Seminar, 
was held at Mullard House, London. It demonstrated 
(amongst other things) the many ways in which elec¬ 
tronics is currently being used to help deaf children. 

As well as the latest technological achievements in this field 
there was also a “historical” section where visitors could see 
how rapid the growth has been. For example, the first ever 
National Health hearing aid was produced in 1948, and was a 
very bulky affair, the batteries were larger than some of 
today’s portable radios. 

Diagnosing and treatment was the main theme of the 
exhibition, with one point being made quite clear: children 
should be screened at a very early age, preferably soon after 
they are born. For this, an aid developed by Brunei University 
called the Auditory Response Cradle was on demonstration. 
This device concentrated on measuring the impedence and 
efficiency of the ear of the newborn. 

A further aid in diagnosing deficiences of the ear was the 
Tympanometer™, a simple to use device for identifying the 
presence of middle ear effusions, the result being elec¬ 
tronically printed as a graph. 

One of the major barriers for the deaf, particularly 
children, is learning to talk, and once again electronics can 
help in this way. One example was the Cambridge Single 
Sound Trainer developed by Cambridge University. 

In this trainer, sounds entering a microphone are analysed 
by a computer, the shape of the sound then being displayed 
on an oscilloscope screen. Superimposed on the screen is the 
correct shape for that particular sound. The subject can thus 
improve his speech by successive attempts at matching the 
correct shape with his own. 

Aimed at teaching basic skills in recognition to those who 
have difficulty in learning, the Possum™ was also on display. 

ORACLE FOR THE DEAF 


Old Man? 


The Independent Broad¬ 
casting Authority (IBA) and 
the Independent Television 
Companies Association 
(ITCA) are jointly support¬ 
ing a research project at 
Southampton University to 
help the deaf and partially 
deaf to benefit more fully 
from television programmes. 

The work expected to cost 
over £50,000 is aimed at pro¬ 
viding optional sub-titling 
for the deaf and hard of 
hearing by means of the 
ORACLE teletext system. 

The project is to be 
carried out by a Research 
Fellow sponsored by the IBA- 
ITCA under the supervision 
of Dr. A. F. NeweU at the 
University of Southampton. 

The project, expected to 
take three years, wUl be to 


establish the form of sub¬ 
titling which would most 
benefit the deaf and hard of 
hearing. Equipment specially 
designed by ITCA will enable 
sub-titling of both recorded 
and “live” programme 
material. 


The European Space 
Agency is spending £75 
million on two European 
regional communication 
satellites and two maritime 
communications satellites. 

Some 20 per cent in value 
of the contracts goes to 
British Aerospace Dynamics, 
leader of the European con¬ 
sortium which includes com¬ 
panies in France, Germany, 
Sweden, Italy and Spain. 
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out of a defunct computer for £1 
and found later that of the 50 i.c.s 
on the board, some 47 were in 
usable condition. 

The Logic Probe described here 
not only allows testing of those 
reject i.c.s, but can be used to 
trace faults in some i.c. projects. 

The pocket-sized unit is self- 
powered, requires only one con¬ 
nection to the equipment being 
tested and checks that the logic 
level is above the operational limit. 


CIRCUIT DESCRIPTION 

Before the unit is described it is 
as well to look at the worse case 
conditions for the 74 series of i.c.s. 
The i.c. has a supply voltage that 
can lie between 4-75 and 5-25 
volts. 

The logic “high” or “1” potential 
is between 2 and 5 volts approxi¬ 
mately and the logic “0” level is 
between 0 and 0 • 8 volts. 

In the simple circuit described 
here logic “1’ is any level above 
about 2-IV. The logic “1” level is 
perhaps more important to look for 
in TTL circuits because of the in¬ 
herent quality for disconnected 
inputs to “float” at the 5V supply 
potential. 


T l integrated circuits are used 
widely in amateur electronics 
because of their low cost, robust¬ 
ness and the fact that they are 
versatile enough to allow quite 
elaborate circuitry to be made up 
within a limited space. 

Now the trend seems to be for 
CMOS logic circuits, and these have 
various advantages and disadvan¬ 
tages compared with ttl. In the 
electronics industry, advances have 
been made which allow many more 
circuits to be put onto one silicon 
chip; a stage of very large scale 
integration has been reached 
where many thousands of logic 
elements can be available in a 
circuit. 

Indeed, these special purpose 
i.c.s are sneaking onto the con¬ 
structors work bench and it is pos¬ 
sible for “complex” units such as 
TV games and digital clocks to be 
built very simply. 

FAULT TRACING 
However there are times when 
all that one requires is a simple 
logic gate which performs an 


operation such as a nand or nor 
or even a simple divide-by-two 
circuit. One can obtain ttl circuits 
which perform these functions for 
next to nothing. 

At a recent radio exhibition, the 
author purchased a circuit board 


REFERENCE VOLTAGE 
Referring to Fig. 1 a reference 
voltage is generated by connecting 
three forward biased silicon diodes 
across the battery so that the 
voltage produced is three times 
that of a fully-conducting silicon 


Fig. 1. Complete circuit diagram of the Logic Probe. 



568 


Everyday Electronics, July 1978 

















COMPONENTS 


Resistors 

R1 560n 

R2 100kn OllOD 

R3 Ikn x*lllr 

All iW carbon ± 5% 13IK 

Semiconductors 

IC1 741 op amp 8 pin d.i.l. 

D1, 2, 3 1N4001 (3 off) 

D4 TIL209 red light emitting 
diode 


Miscellaneous 

B1 PP3 9V battery 
SI push-to-make, release- 
to-break miniature push switch 
Stripboard 0-1 inch matrix 6 
holes X 17 strips: Verocase 
100 X 50 X 25mm; PP3 battery 
connector; socket for IC1; 
crocodile clip; stiff wire and 
plastic sleeving for probe; con¬ 
necting wire; small grommet. 

The following components 
are required only for testing; 
1-5kn, 1-2kfi, 6-8kn }W 5% 
resistors; 9V battery. 


HOW IT WORKS V ly 

1 




The Logic Probe comprises 
an operational amplifier i.c. 
wired as a voltage comparator 
and connected to an indicating 
device. There are two inputs 
into the comparator, one of 
which is the probe. The other 
input is fed from a reference 
voltage which has a value equal 
to a TTL minimum logic level 
"1". This voltage is about 2-1V. 

When the test switch is operated, the reference voltage is compared 
with the input at the probe. If the probe is connected to a true logic "I" 
in the circuit under test, the comparator causes the indicator to illuminate. 
If on the other hand the probe is connected to a logic “0” then the indica¬ 
tor will not light. To obtain the required 2-1V reference voltage, three 
diodes are used connected in series, since the voltage drop across each 
diode isO-7V. 


diode; 3X0-7 = 2 1V, this is the 
low threshold of the ttl logic “1” 
voltage range. 

A voltage comparator, ICl is used 
to compare the voltage at the probe 
with the voltage from the diodes, 
and if this voltage is more posi¬ 
tive than the reference then the 
l.e.d. is made to conduct and hence 
illuminate. 

The i.c. is arranged with its non¬ 
inverting input, pin 3 connected to 
the reference and the inverting 
terminal pin 2 connected to the 
probe via resistor R2. By the action 
of the opamp the non-inverting 
input is always positive with res¬ 
pect to the inverting under idle 
conditions so that the output, pin 
6 is almost -t-9V. 

Now when the probe becomes 
positive by slightly more than 
2-IV the non-inverting input is 
now taken negative with respect to 
the inverting input so the output 
swings negative to almost the OV 
rail of the supply. The l.e.d. now 
illuminates. 

The input impedance of the 
circuit is very high compared to 
the impedances around the ttl 
logic circuits so it in no way upsets 
the action of the circuit during 
examination. 

The unit is self-powered so that 
the comparator action of the op¬ 
amp will work satisfactorily, and 


it also means that there is no need 
to rely on the equipment supply 
which itself could be out of the 
specified limits. 

Because the circuit is very simple 
there is no need for elaborate con¬ 
struction and indeed if one wishes 
a different method of construction, 
this is perfectly acceptable with 
this circuit, providing of course, 
that you wire the unit together 
correctly. 


START 
HERE FOR 
CONSTRUCTION 


STRIPBOARD 

In order to make the unit as 
small as possible, a shallow plastic 
case was used and the circuit was 
constructed to fit into it. It is for 
this reason that the circuit board 
takes the rather unusual shape of 
only 6 holes by 17 strips, so that 
the board can fit snugly into the 
slots of the case. There is a need to 


put certain components on the 
underside of the board and a need 
to wire the connecting leads to the 
relevent side of the board. 

The board is shown in Fig. 3, 
and the components are mounted 
as indicated. 

The wires to the probe can be 
any length, and 30cm seems a 
reasonable length to use. The case 
needs to be drilled to suit the com¬ 
ponents used, but bear in mind 
that space does not allow a bezel 
to be used for the l.e.d. or there 
will be difficulty in installing the 
battery. Instead half a small 
grommet is used and mounted on 
the outside of the case. This gives 
a neater finish than with the l.e.d. 
just mounted in the hole. 




ESTIMATED COST 
OF COMPONENTS 


£1.50 

excluding case 
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The board should be slotted into 
position after the probe leads have 
been pushed through their feed 
hole in the side of the case, and 
the remainder of the wiring carried 
out as shown in Fig. 2. 

The wires for the l.e.d. should 
not be cut short bearing in mind 
that the shorter of the two is the 
negative anode connection and con¬ 
nects to the push button. It is 
advisable to place a small piece of 
insulating tape over the leads, 
thereby holding the leads close to 
the surface of the case. This also 
insures that the battery cannot 
short out the leads, causing incor¬ 
rect results. 

The case used in the prototype 
was sprayed with an aerosol paint 
but this is not essential and was 
for effect rather than purpose, but 
the case does need to be labelled 
and the push button and l.e.d. 
marked as shown in the photo¬ 
graphs. 

The earth connection to the 
equipment under test was made 
with a small crocodile clip, and 


the probe itself was made by 
taking a stiff piece of wire and 
cutting it to a length of about 
8cm depending on the size re¬ 
quired, and the probe lead con¬ 
nected to this. The wire must, of 
course, be tinned with solder be¬ 
forehand or a good connection will 
not be achieved. To complete the 
probe a piece of sleeving was 
slipped over the probe and the 
connecting lead. 

TESTING 

To test the unit three resistors 
are required and these are con¬ 
nected across a 9V battery. What 
is produced is a simple potential 
divider giving voltages as shown 
in the circuit of Fig. 4. The earth 
connection is made to the probe 
unit from the negative terminal of 
the battery and the results should 
comply with those shown. 

If these results are not obtained 
then the unit should be checked 
for wiring errors etc. Bear in mind 
when testing that the voltages 
shown are subject to component 
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Fig. 4. Testing the Logic Probe using a potential divider 
to define the two logic levels. In this test we are only 
concerned with the “high" logic function of the Probe. 


tolerances. The test is only to en¬ 
sure that the probe operates on 
logic levels of “1” and no other 
levels in between. 

The unit will be most useful in 
fault finding in slow speed pulse 
circuits and on circuits which 
employ simple gates. Although 
there is not room to list the many 
methods of fault location here, 
there have been some articles in 


past isues of Everyday Elec¬ 
tronics which give details of how 
the various logic elements function. 
Remember though, projects found 
to be faulty are rarely the de¬ 
signer’s fault, it is normally a fault 
in the construction, so take time to 
check wiring thoroughly. 

To make a test on a circuit the 
earth lead is connected to the OV 
supply of the equipment to be 


tested and the probe is touched to 
the point in the circuit whilst the 
pushbutton is depressed. If the 
level is a true logic “1” then the 
l.e.d. will illuminate otherwise a 
“low” condition, or the indetermi¬ 
nate state between 0 • 8 and 2V, will 
be indicated. 


IIIIIIIIIIIIIIIIIIIIIIH 



THE SECRET WAR 
Author Brian Johnson 
Price £6-50 

Size 250 180mm 352 pages 

Publisher BBC 
ISBN 0 563 17425 0 

T HIS book is based on the BBC Television Series of the 
■ same name. It provides a fine “hard copy” record of 
the exciting story told in the 1977 television production. 
Many excellent photographs, often unique, and all of 
historical interest, accompanying the text. It is a well- 
researched account, with considerable technical detail, of 
some of the many activities, then highly secret, that were 
engaged in by, or on behalf of, the armed forces operating 
on land, sea and in the air during the Second World War. 

Much of the “Secret War” was related to electronics— 
although the word had not then entered into general use. 
The “ether” became a principal battle ground, with the 
protagonists striving relentlessly to keep one step ahead, 
or to speedily surmount the ingenious but menacing inven¬ 
tions of the other side. This hard-fought war by scientists 
and technical personnel of the Services became essentially 
a battle of the frequencies. Demands for improved radar 
and counter measures forced along development into the- 
comparatively unexplored upper regions of the radio wave 
spectrum—from short waves to centimetric waves. Great 
technical achievements in a few short years were the out¬ 
come of this “war”. 


The account of the breaking of the code used by the 
German army and air force provides a dramatic conclud¬ 
ing chapter to this book. Apart from its sensational revela¬ 
tions (with more than a hint that these activities also 
brought forth the first truly electronic computer) this 
triumph of British code breakers is of course the most 
recently released secret relating to the 1939-1945 war. 
Fascinating reading, but the whole truth on “Enigma” 
has yet to be revealed. There remain obvious gaps in the 
story—how did enemy wireless traffic appear on the crypt¬ 
analysts’ desks? Not by magic. Another story involving 
humble “Wireless-ops” is waiting to be told. f.e.b. 


STARTING AND RUNNING A SMALL BUSINESS 
Author Alan Sproxton 
Price £3-95 

Size 210 130mm 130 pages 

Publisher United Writers Publications 
ISBN 901 976 40 7 

Q E your own boss. The dream occurs to all, but few take 
^ the plunge. It is considerably easier if you have some¬ 
one to turn to who has already succeeded in such a ven¬ 
ture, for there is nothing to beat experience. 

In this informative and most entertaining book, the 
author sets out to smooth the path for the would-be 
small business proprietor. In particular Mr. Sproxton is 
writing about starting and running a retail business. His 
trade happens to be electronic components so his experi¬ 
ences gained over more than 30 years well equip him to 
offer guidance to others. His book is worth the serious 
attention of any Everyday Electronics reader who is 
thinking of “changing sides of the counter”. The compo¬ 
nent business provides many examples of the successful 
small trader. It seems that one really can combine business 
with pleasure. f.e.b. 
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By ADRIAN HOPE 


Hall Effect 

Watch out for a whole new genera¬ 
tion of magnetic recording heads in 
the not too distant future. The Jap¬ 
anese Company Hitachi has already 
produced machines with Hall effects 
heads and it’s a safe bet they’ll be 
on the European market within a matter 
of months. 

The Hall effect is actually nearly 100 
years old. In simple terms if you take 
a strip of metal, pass an electric 
current through it and then apply 
a magnetic field, the current flow will 
be diverted sideways. 

The amount of current diverted 
varies with the strength of the magnetic 
field. If the current is flowing through 
a semiconductor rather than a metal 
then the effect becomes much more 
noticeable. 

Modern magnetic flux meters rely on 
the Hall effect, a small strip of semi¬ 
conductor being secured on the end 
of a pointed probe. It’s clearly logical 
to use the Hall effect when making a 
playback head for a tape recorder but 
until now engineers have found it 
difficult to produce a Hall effect head 
which is an improvement over an 
ordinary induction head. One problem 
has been poor signal-noise ratio. 

Now Hitachi have a string of patents 
all around the world covering their 
Hall effect head which is claimed to 
perform with less distortion and 
noise than conventional heads. 

It also offers the possibility of 
making the tape recorder playback 
head very small which is a useful 
bonus for designers of stereo cassette 
decks. 

Another interesting aspect of the 
Hall effect head is that its output is 
not dependent on the speed at which 
the tape is travelling. This could 
enable designers to simplify the 
complex replay equalisation currently 
needed for tape at different running 
speeds, for instance 1i, 3i, 1\, 15 
inches per second and so on. 


Perhaps even more interesting is 
the fact that a Hall effect head will 
still produce a signal even when the 
tape is stationery. The signal will, of 
course, be d.c. only but it should be 
easy to build in circuitry which will 
produce some kind of audible sound 
from even stationary tape and so 
enable much more precise editing 
than at present. With an ordinary 
induction head, the tape produces no 
sound whatsoever when stationary 
and to find an editing point, for 
instance silence between sounds, the 
tape must be rocked backwards and 
forwards past the head. 


Effective Resistance 

While Hitachi in Japan works on 
the Hall effect. Philips of Holland are 
working on a magneto-resistance 
effect head. Again, the idea is around 
a century old but is only just at a 
point of successful adaptation to 
tape recording. 

A strip of ferromagnetic alloy is 
used as the head and its resistance 
continually read by a measuring 
current. As the magnetic tape passes 
beneath the alloy strip, its changing 
magnetic field produces corres¬ 
ponding changes in its overall resist¬ 
ance and current flow. These changes 
are easily converted into audio, just 
as the diverted current flow in a Hall 
effect head produces audio. 

As with the Hall effect head, the 
Philips head can be made very small. 
Also like the Hall head it should 
be less dependent on tape speed 
and so require less sophisticated 
replay equalisation. It should also be 
able to produce an audible signal 
even when the tape is stationary. 

It seems likely that as soon as Hall 
or resistance effect heads are avail¬ 
able to tape recorder manufacturers, 
no one will want to use the traditional 
and comparatively clumsy types of 
induction head. 


All Charged Up 

For years now I have watched with 
bemused interest while a whole new 
industry has grown out of record 
cleaning and static elimination. There 
are now literally hundred.s of gadgets 
on the market intended to clean a 
record and either to prevent the forma¬ 
tion of, or dispel, static electricity. The 
sad truth is that very few of these 
gadgets work reliably but an under¬ 
standing of the basic scientific princi¬ 
ples is all you need to make up your 
own mind over what is worth buying 
and what is not. 

In the meantime, here is a delight¬ 
fully easy way to show how some 
record cleaning devices could equally 
well be sold as static generators! It is 
also a delightful party trick with which 
to impress your friends. 

Assuming you live in a dry, non- 
humid atmosphere, e.g. a centrally 
heated home and thus are prone to 
static, take an ordinary gramophone 
record and lay it on top of a polystyrene 
box. The box will act as an insulator. 
Take a dry record cleaner (or a piece 
of fluffy fur cloth) and polish the 
record. 

Now take a flat metal plate, around 
the size of an ordinary gramophone 
record, but with an insulated handle. 
(Half a large metal tape spool with a 
plastic handle glued to the centre is 
ideal.) Holding the metal plate by its 
plastic handle touch it lightly flat onto 
the surface of the record you have just 
polished. Any static charge from the 
disc will now induce a similar charge 
on the metal plate. 

With one hand hold the now charged 
metal plate aloft and with the other 
hand pick up a small domestic fluores¬ 
cent tube, touching one of its two 
electrical contacts. Now touch the 
metal disc with the other terminal of 
the tube so that the charge on the 
metal plate can escape to earth via the 
tube and your body. 

If the disc was charged by your 
polishing then the charge induced on 
the plate by the disc will cause a 
dramatic flash of light as it runs off 
down to earth through the fluorescent 
tube. You can repeat the trick without 
repolishing and recharging the disc- 
just touch the metal plate on the disc 
again and release the induced charge 
through the tube. 

I make no claims to originality for 
this very impressive demonstration 
of how many record cleaning gadgets 
induce static ip records, and thus 
positively encourage them to get dirty 
again by attracting dust from the air. I 
first saw the trick performed at a 
technical seminar run in London by 
Shure, the American manufacturers of 
high quality gramophone pick-up car¬ 
tridges. Shure in turn make no claim 
to originality and point out that Ales¬ 
sandro Volta was doing something 
very similar well over 100 years ago. 


572 


Everyday Electronics, July 1978 












A digital readout electronic stopwatch for timing 
events up to one hour to within 0-01 seconds with 
"split” and “Taylor” modes of operation. Ideal for 
sports events such as swimming, athletics, show- 
jumping, motor car and motorcycle racing. Other 
areas of application include laboratory experiments 
and photographic darkroom. 


CHROnOSTOP 


SIRUE FIRSH 


n.F.sicnni 

GERERRIOR 


An easy to build and inexpensive piece of necessary 
equipment for the workshop. Will provide a sine- 
wave output at frequencies up to 15 kilohertz in 
three ranges. 



T.U.GRR1ES 

BEHIND THE SCREENS 
-HOW THEY WORK 

A short series dealing with a rapidiy expanding 
fieid of consumer electronics. Starting with a history 
of TV Games, and basic principles of TV character 
generation, these articles will explain how earlier 
games and the more compiex current games work, 
and will demonstrate a method for enhancing 
character forms invoiving a practical application of 
logic design and programming. 

Part-1 appears Next Month. 
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The Extra 
ordinar 
Experi¬ 
ments 
of 

Profess 
Ernes 
Ewrsure 



by hony John Esss^l' 


L ast month the Prof, had dis¬ 
cussed, with Bob, insulation 
breakdown in output transformers 
of valve amplifiers due to high 
voltage surges. 

As the Prof, finished his diagram 
showing the output stage of the 
Vox AC-30 amplifier (Fig. 1), one 
of his experimental robots re¬ 
turned with the partly dismantled 
output transformer. Bob and the 
Prof, could see that part of the 
transformer insulation was badly 
charred and the wires blackened 
by the carbon which had been pro¬ 
duced by the effect of the heat. As 
the Robot departed to continue 
with the repair of the transformer, 
their attention returned to the 
diagram. 


VALVES IN PARALLEL 

“The four output valves type 
EL84 are connected in two pairs, 
V3 V5; and V4 V6 so that in each 
pair the two valves work together 
to give double the output power 
which would be available from a 
single EL84 valve. In each pair the 
anodes are connected together, so 
that the anode currents of the two 
valves combine to flow through one 


half of the primary of the output 
transformer. This gives an effect 
similar to two larger valves in 
push-pull but with greater power, 
and is known as parallel-con¬ 
nected push-pull output stage”. 

“Prof., is it possible to connect 
more than two valves together like 
this to provide even greater 
power?” 

“Yes Bob, for instance, in some 
amplifiers three or even more out¬ 
put valves have their anodes con¬ 
nected together, to drive one half 
of the output transformer primary, 
with an equal number of valves 
driving the other half. By this 
means, valve amplifiers can be 
built which will deliver enormous 
power; hundreds or even thousands 
of audio watts! 

Then if a fault condition 
develops in the load, such as an 
open-circuit speech coil in a loud¬ 
speaker, or a loose connecting lead, 
this output power is prevented 
from reaching the load. 

Now, this energy exists within 
the amplifier and according to the 
Law of Conservation of energy— 
it does not simply disappear! It 
exists in the form of a magnetic 
field in the core of the output 
transformer, and this field is 


generated and maintained by the 
current flowing through one half of 
the primary of the output trans¬ 
former into the anodes of the out¬ 
put valves connected to it. 

As the drive to the valves 
changes, the current is no longer 
maintained and the magnetic field 
collapses. But, then the energy 
which would normally have been 
delivered to the load produces a 
high-voltage spike, which can 
cause a breakdown of the insula¬ 
tion in the output transformer or 
the valve base. Another pheno¬ 
menon which may sometimes 
occur, especially in valves with a 
poor vacuum, is flashover as the 
high voltage produces sparks inside 
the valve. 

This is often harmless, but may 
be a warning of a leak of air into 
the valve. So it is often advisable 
to replace a valve in which sparks 
are observed”. 

“Prof., last month you mentioned 
a way to protect the valve bases 
from carbonisation, by replacing 
the plastic valve bases with 
ceramic ones. But I have not yet 
heard of a ceramic audio output 
transformer! What can be done to 
protect the transformer itself from 
these voltage spikes?” 
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PROTECTION CAPACITORS 

The Prof, drew in a couple of 
extra components on the diagram 
(shown dotted, Fig. 1). They are 
both 0 001/<F capacitors rated at 
1000 volts working, each connected 
across one half of the primary 
winding of the output transformer. 

“This is a simple and inexpensive 
method of protecting the trans¬ 
former by use of paper and foil or 
‘MDC’ capacitors of low capaci¬ 
tance and high working voltages. 
Fow instead of doing damage to 
1 ie output transformer the high 
voltage spikes, which may be 
present in conditions of fault or 
severe overload, will cause one of 
the capacitors to break down. 


COLOURATION 

When this happens, the output 
power available from the amplifier 
is drastically reduced, but instead 
of the expense of a new output- 
trafhsformer, all one needs is a 
replacement capacitor which costs 
a few pence! It is also possible to 
use capacitors of higher value such 
as 0 01/iF lOOOV, or even higher 
capacitance, and this will cause the 
transformer to resonate at par¬ 
ticular audio frequencies giving 
“sound colouration” effects which 
are liked by some guitarists. 

The “colouration” effects can be 
altered by changing the valves of 
the capacitors, but the rating of 
around 1000 volts should he 
observed, so that the output trans¬ 
former is protected. If you use 


capacitors of a much lower work¬ 
ing voltage they will break down 
too easily, and capacitors of a 
much higher working voltage 
might not break down in time to 
protect the transformer”. 

“Prof., I can see how the capaci¬ 
tors can protect the output trans¬ 
former, but doesn’t this mean that 
when a high voltage spike causes 
the capacitor to break down, it will 
become short-circuit and cause a 
large drop in volume? This would 
be embarrassing if it happened in 
front of an audience”. 


EXCESSIVE CURRENT 

“Quite right. Bob, and 1 have 
another circuit which will absorb 
the energy from the spikes without 
any interruption to the perform¬ 
ance. I will explain it to you, but 
first 1 would like to mention 


another likely cause of damage to 
the output transformer. This is ex¬ 
cessive current flow, which, due to 
resistive heating of the copper 
wire, can also cause the trans¬ 
former to fail. 

One component which may some¬ 
times break down and allow an 
excessive flow of current through 
the valves and transformer is the 
cathode decoupling capacitor Cll, 
to which the cathodes of all four 
of the output valves are connected. 
I will show you an alternative cir¬ 
cuit which avoids this condition, 
and also offers a number of other 
worthwhile advantages”. 

The Prof, began to draw out a 
circuit for modification of the out¬ 
put stage of the AC-30 amplifier, 
and soon Bob could see this modi¬ 
fication could easily be adapted to 
improve the output of many other 
types of valve amplifiers. 

To be continued 


JACfr PUUG & family... 


HE PIP IT PLAYING THE STUNT CYCLE GAME 
HE FAILEP TO CLEAR. TEN BUSES, COMING 
POWN HEAVILY ON THE LAST ONE, 
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Analogue or digital? 

A READER ASKi:! “Now that Instru¬ 
ments are going digital can you 
tell me whethei digital displays have 
any real value of are they just'a passmg 
fashion?" 

An Interesting question, I fancy 
that I can detect in it a hint of hostility 
to digital displays, this is under¬ 
standable when you See somebody 
trying to tell the time outdoors In 
strong sunlight on -one of those 
digital watches with red light emitting 
diode displays. ; 

Sunlight makes it very hard to .see 
the illuminated figures so the user of 
the watch cups his hand over it to 
cast a shadow, then peers into it to 
see the time—remembering, of course, 
to press the button which ma"es the 
figures light up. 


Digital Time 

Here is a case, surely, where’ a 
digital display is just too cumbersome 
to use easily. An old-fashioned dial 
with pointers would be simpler. But 
this one case: of an inconvenient 
digital display doesn’t prove that all 
digital displays on watches are bad. 

A liquid crystal type of display, for 
example, can be seen in strong light 
and doesn't need a button pressed. 
To see what the real pros and cons of 
digital displays are we must forget 
the imperfections of particular dis¬ 
plays and look at the principles. 

In the case: of watches there is 
another aspect to the question; the 
economic aspect. Digital watches, 
at least those with quartz crystals as 
the master timing eleiment, can give 
very great precision and at a very 
reasonable price. They also have no 
moving parts tO wear out, so apart 
from replacing, the battery running 
costs should be negligible. None of 
those periodici visits to the watch 
repairer for cleaning ©r maintenance 
work. 



However the economic aspect is not, 

I think, what our reader meant, when 
he asked whether digital displays have 
any real value. He meant value in 
themselves, as displays? And do they 
have any advantages over analogue 
displays? 

Like so many apparently simple 
questions this one turns out to be 
rather complicated. Value to whom? 
And in what circumstances? Keeping 
to watches for the time being the 
obvious advantage of a digital display 
is that it is very clear and therefore 
unlikely to be misread. If your watch 
says 22.47 then that’s it, upside down 
or sideways on. 

This is more than can be said for 
the traditional watch faces,' especially 
when the designer leaves off numbers 
as he so often does. 

The other obvious advantage is 
that the digital display makes full use 
of the inherent accuracy of the quartz 
crystal, by indicating the time to the 
very second in an easily read and 
unambiguous fashion. 

The traditional watch requires three 
pointers to do this and three pointers 
are one too many for easy reading. 


Clock Watching 

The limitations of digital time 
displays become apparent when in¬ 
stead of just telling the time you have 
to ‘‘watch the clock" in order to keep 
an appointment, catch a train, bake a 
cake or whatever. With the old 
fashioned analogue dial you begin 
clock watching with one piece of 
mental arithmetic. You work out where 
the hands will be at the appointed 
time and make a mental note of that. 
From then on a quick glance at the 
dial gives an instant impression of how 
much time you have left. 

Not a precise impression but quite 
good enough for the purpose in hand. 


Creepy Hands 

You can’t do this with a digital 
time display. At any rate, I can’t. 
It could just be that I’m so un¬ 
accustomed to digital clocks and 
watches that I just haven’t learned 
to use them with the same ease as 
pointers but with a few years practice 
I could do so. But I doubt it. You don’t 
find many digital clocks in places 
where people must keep a very careful 
eye on the time so as not to over-run 
some appointed period. 

A good example is a broadcasting 
studio, where the producer knows 
his programme must end at a par¬ 
ticular moment to make way for the 
next, which is ready and waiting in 
another studio. For the producer it is 
a lot easier to watch the hands creep 
towards the appointed time than to 
do the mental arithmetic necessary 
to work out, from a digital clock, how 
much time there is left. 


Producers have a lot to think about 
without doing this sort of mental 
task as well and for this reason they 
prefer a clock which tells you the way 
time is running out without arithmetic. 

So I suspect that'the difficulty of 
using digital clocks in this way is a 
genuine human problem (a psycho¬ 
logical problem in the general non- 
clinical sense) and not just the result 
of the lack of familiarity. In circum¬ 
stances where the sort of clock¬ 
watching I’ve been talking about must 
be done with very great precision you 
find that people do use digital clocks 
but to make them easier to use they 
arrange for them to run backwards 
down to the appointed moment. 

The classic example is the count¬ 
down to a rocket launch or some other 
critical event. 


Comparisons 

I’ve been going on about clocks 
rather than meters because most of 
us are at the moment more familiar 
with digital clocks than with digital 
meters. But there are many meter¬ 
reading situations which are com¬ 
parable to the time-telling and clock¬ 
watching situations just described. 

It turns out that, with meters as 
with clocks, both types of display- 
digital and analogue—have their uses. 
Digital is excellent for making precise 
readings of steady voltages, currents, 
etc. Analogue, the old-fashioned 
pointer instrument, is good for watch¬ 
ing quantities which are slowly 
changing. 

Many of the measurements required 
in electronics are measurements of 
changing voltages or currents. If for 
example you are aligning a radio you 
will very likely do so by applying a 
modulated r.f. signal and adjusting the 
tuned circuits to obtain the maximum 
audio output (or the maximum a.g.c. 
voltage, which amounts to the same 
thing). 

A pointer meter, measuring the 
output, shows which way it varies as 
you make the adjustments. It monitors 
a slowly changing quantity. 


Accuracy 

For very precise measurements 
digital instruments have a clear 
advantage. It is a good pointer instru¬ 
ment which can indicate to within one 
per cent of the true value and a good 
eye which can read it so precisely. 
But a digital meter can, if it has the 
right accuracy built into it, both 
indicate to within a tenth of one per 
cent and be easy to read at the same 
time. 

If you are on the lookout for very 
small changes in some quite large 
quantity then a digital instrument wins 
hands down. The extreme case is the 
digital frequency meter. Some of 
these can indicate hundreds or even 
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PRICES INCLUDE VAT. P & P FREE 
correct at 1.6. 78 
TO ORDER BY POST 


lard'^Na'a^^d'pL^W^TUAC 'Lm^(lE78)"l°9 



NEW FROM TUAC 

ULTRA QUALITY HIGH PO WER 
New D.C. Coupled Design 
AMPLIFIERS 







AMPLIFIER MODULES 



* fp CA " “olaH"lTamp"prrrs,"tors £18.25 



ForSlLMB £6.50 
Size8"x4«/2" 

fl 

FUZZ LIGHTS 

Red, Green, Blue, 

Amber £23 50 

IHI 

4LSM1 £5.50 

Size 6%''x4%" 

j—__ 

IBM 

S1LMB £7.50 

Combined with 3SDM 

SUPPLIE 

mgiijgijgi 


arnish impregnated. Transformers 
with supply board incorporating pre-amp supply: 
PS250 for supplying 2 TP125s £28.50 

PS200 for supplying to TLl00s £28.50 

PS60/60 for supplying 2 TL60s 
PS125 ±45 volts for TP12E 
PS 100 ±43 volts for TLl 00 
PS60 ±38 volts forTL60 
PSU 2 for supplying disco mixer 


£25.00 


ADD SEQUENCE CHASING + 
DIMMING EFFECTS FOR 
TUAC 3 CHANNEL LIGHT 
MODULATOR 
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THE OYNAMIC duo 

The C15/15 is a unique Power Ampl|fier providing 
Stereo 15 watts per channel or 30 watts Mono and 
can be used with any car radio/tape unit. It is simply 
wired in series with the existing speaking leads and in 
conjunction with our speakers S15 produces a 
system of incredible performance. 

A novel feature is that the amplifier is automatically 
switched on or off by sensing the power line of the 
radio/tape unit, hence alleviating the need for an 
on/off switch. 

The amplifier is sealed into an integral heatsink and is 
terminated by screw connectors making installation a 
very easy process. 

The S15 has been specially designed for car use and 
produces performance equal to domestic speakers 
yet retaining high power handling and compact size. 

C15/15 

15 watts per channel into 40 

Distortion 0-2% at 1 kHz at 15 watts 

Frequency Response 50Hz-30kHz 

Input Impedance 80 nominal 

Input Sensitivity 2 volts R.M.S. for 15 watts output 

Power Line 10-18 volts 

Open and Short Circuit Protection 

Thermal Protection 

Size 4x4x1 inches 

C15/15 Price £17-74-1-£2-21 VAT P&P free 

Data on S15 

6' Diameter 

5r Air Suspension 

2' Active Tweeter 

20oz Ceramic Magnet 

15 watts R.M.S. Handling 

S ?5 Pr'iceTer%ir£17-74-|-£2-21 VAT P&P free 

TWO YEARS GUARANTEE ON ALL OF OUR 
PRODUCTS 

Please supply . 

Total Purchase Price . 

1 enclose cheque O Postal Order [J Money Order D 
Please debit my Access Account □ Barclaycard 

Account □ 

Account Number . 

Signature . 
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■thousands of megahertz down to the 
last hertz. 

Note, however that they need time 
to do it. To count the number of cycles 
of oscillation in one second (which is 
what frequency is) calls for one 
second’s counting. You can attempt 
to shorten the time by counting for 
only a thousandth of a second, say, 
but then the answer can only be 
reliable to the nearest kilohertz. 

It is when you have to use a digital 
meter for an analogue job that life 
gets a bit tedious. There are times 
when it cannot be avoided. 

For example. I'm doing some work, 
at the moment, on an oscillator whose 
■frequency is changed very slightly 
when something is placed near its 
tuning coil. It happens to be of great 
interest to me to know whether the 
frequency then goes up or down. I 
don't care how much the frequency 
changes but I do need to know the 
direction of the change. 

A pointer instrument would be ideal, 
if the changes were big enough to be 


visible as a pointer movement. But 
they aren't, so 1 have to use a digital 
meter. This means making a note of 
the present frequency, putting some¬ 
thing near the coil, waiting two 
seconds to get a reliable reading, then 
comparing it with the original reading. 
This calls for remembering, waiting, 
and mental arithmetic. 

How much simpler it would be just 
to watch a pointer. 


Dual Displays 

Dual displays, showing quantities 
in both digital and analogue form are 
possible and would clearly give the 
user the choice of picking whatever 
was more convenient. One trick is to 
present what is really digital informa¬ 
tion in an analogue form. 

Imagine a long line of I.e.ds, con¬ 
nected to a voltmeter. When the 
input is 1 volt the first I.e.d. lights; 
at 2 volts the first two light; at 3 volts 
the first three and so on.. As the 
voltage increases the line of light 


elongates like the fluid in a ther¬ 
mometer as it warms up. Such a 
display, alongside the numerical 
digital readout gives the user the best 
of both worlds. 


Crossword No. 5—Solution 




NTEllHE 


By PAUL YOUNG 


I N 1951 when I first made a definite 
step away from radio and television 
into component retailing, it is safe to 
say that electronic components were 
100 per cent British made. Capacitors 
by Mullard, Dubilier and T.C.C. 
Resistors by Erie and the Morgan 
Crucible Company. Valves by Marconi 
and Osram. Speakers by Rola, Celes- 
tion and Whiteley. Meters by Avo and 
Ferranti. Transformers by Partridge 
and Parmeko. The list is endlessi 
Contrast this then with the picture 
today—it is a depressing one. 

I would hazard a guess that over 
60 per cent of components are now 
imported, something that is frowned 
upon by Government, whatever its 
colour, and although I can claim to 
be as patriotic as my neighbour, I 
have literally been forced to buy my 
components from abroad, first on 
account of prices and secondly 
because the required items were no 
longer available in Britain. 

Around the World 

Take resistors for example. With a 
long experience in this field, I should 


be able to beat anyone both in quality 
and price, but in my search for a good 
product at a reasonable price I have 
had to go to France, Spain, Yugoslavia, 
Pakistan and Russia. When it comes 
to meters, microphones, switches, 
earphones, panel lamps and con¬ 
nectors, no one can approach the 
Japanese at present. 

Optimistic 

However, to end on a more optimistic 
note, we are better served with semi¬ 
conductor devices by British makers, 
and one other field in which we 
obviously excel is variable capacitors. 
Jackson Brothers and Cyldon lead 
the way in this respect. Some months 
ago I asked a director of Messrs. 
Jackson whether they were ever 
bothered at the thought of a big influx 
of Japanese tuning capacitors? He 
laughed, and said "not while we are 
exporting them in large quantities to 
Japan” 

Although not strictly components 
as such, it would be invidious not to 
mention Clive Sinclair, the man who 
sold three-quarters of a million pounds 


worth of pocket electronic calculators 
to Japan, which is almost the equiva¬ 
lent of selling snow to the Eskimos 

A Speed Problem 

From time to time I like to give my 
readers a little puzzle to solve 
(especially if 1 don't know the answer 
myself). A short while ago I was 
asked to write an article on electronics 
for an educational journal and I 
wanted to mention in passing the 
speed of electricity in an ordinary 
closed circuit. I suddenly realised 
that I didn’t know what the speed of 
electricity is. 

I then remembered that many years 
ago there was a very knowledgeable 
and amusing writer in Wireless World 
whose weekly column was entitled 
"Unbiased" and whose nom de plume 
was "Free Grid”. He made the point 
that when he put this question of the 
speed of electricity to a number of 
senior electrical engineers, they all 
made the same error by stating that 
it was the same as the speed of light. 
Not so—it is considerably slower. 

Do You Know? 

Hoping to get the correct answer, I 
enlisted the aid of my brother, a 
technical editor of a weekly electronics 
publication, and he promised to give 
the matter some thought. Some time 
later I received a bulky letter which 
contained photostats of roughly ten 
pages of a book—doubtless it does 
contain the answer to the speed of 
electricity, but I have yet to fathom it 
out. If any reader ca'n explain it to me 
on half a page in words of two syl¬ 
lables I shall be delighted to hear 
from him or her. 
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\bu’U learn a lot from the Heathkit catalo; 



The Heathkit catalogue is packed with 
scores of top quality electronic kits. 
Educational, practical and fascinating 
items which you can build yourself. 

Send for the catalogue now. 

To Heath (Gloucester) Limited, 
Department ee 78 , Bristol Road, 
Gloucester, GL2 6EE. (Registered number 606177 ) 
Name. 





NEW De-luxe ^ 
12''CRT Ignition Analyser 


Please tick the literature you want and enclose the appropriate 
amount in postage stamps. 

Heathkit catalogue only □ (enclose 20p). 

16 page computer brochure only □ (enclose 20p). 

N.B. If you are already on the Heathkit mailing list you will 
automatically receive a copy of the latest catalogue without having 
to use this coupon. 

When you receive 
your catalogue 
you'll get details of 
this free offer worth 
approximately £4.75. 


There are Heathkit Electronics Centres at 233 Tottenham Court Road, 
London (01-636 7349) and at Bristol Road, Gloucester (Gloucester 29451). 
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SMALL ADS 

The prepaid rate for classified advertisements 
is 16 pence per word (minimum 12 words), box 
number 60p extra. Semi-display setting £4 00 
per single column centimetre. All cheques, 
postal otders, etc., to be made payable to 
Everyday Electronics and crossed "Lloyds Bank 
Ltd.” Treasury notes should always be sent 
registered post. Advertisements, together with 
remittance, should be sent to the Classified 
Advertisement Manager, Everyday Electronics, 
Room 2337, I PC Magazines Limited, King’s 
Reach Tower, Stamford St., London, SE1 9LS. 
(Telephone 01-261 5918). 


CONDITIONS OF ACCEPTANCE 
OF CUSSIFIED ADVERTISEMENTS 
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A NEW SUPER DRILL 
from 




PETITE 



PI Drill £9 67 p 4 p 38p 
SI Stand £5 -13 p & p 38p 
Accessories include drills, stones, burrs, saw 
blades etc. Send 9" x 4" S.A.E. for full details 
and order form. 


TRY OUR SPADE DRILLS - ideal for 
P.C.B.’s — givino cleaner holes, no clogging, 
cool er. R ange of sizes from 0-1 to 2-5mm. 

~ Send for details to 


PHEUISIUn 

PETITE LTD 

119a HIGH STREET 

TEODINGTON MIDDLESEX TW11 8HG 

TEL; 01-977 0878 


DENCO 

(CLACTON) 

LIMITED 

Dept. E.E. 

357-8-9 OLD ROAD 
CLACTON-ON-SEA 
ESSEX C015 3RH 


Our components are 
chosen by technical 
authors and con¬ 
structors throughout 
the world for their 
performance and re- 
iiability, every coil 
being inspected twice 
pius a final test and 
near spot-on alignment. 

General Catalogue showing full 
product range 36p. Overseas Cus¬ 
tomers 70p, Air-Mail Post Paid. 


U.K. & OVERSEAS MANU¬ 
FACTURERS/STOCKISTS 
ENQUIRIES WELCOME 


Australian Readers Please Note— 
Our Complete Range of Coils are 
available from Watkin Wynne Pty. 
Ltd., 32, Falcon Street, CROWS 
NEST, 2065, AUSTRALIA. P.O. 
Box 392. 


PLEASE 

MENTION 

EVERYDAY 

ELECTRONICS 

WHEN 

REPLYING 

TO 

ADVERTISEMENTS 



creating more than 20 
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/Marshalfe 


Come ^neccfdeai 

Call in and see us 9-5.30 Mon-Fri 9-5.00 Sat 
Express Mail Order Tel. orders on credit cards £10 min. 
Trade and export enquiries welcome 













































































































everything for the modern Dl.Y electronics enthusiast and more. 




IT’S A FANTASTIC BESTSELLER! 

216 big (11" X 8") pages! Over a thousand 
illustrations! Over 30 pages of complete 
projects to build! Thousands and thousands of 
useful components described and illustrated! 
No wonder it’s a bestseller! 

DON’T MISS OUT! SEND SOp NOW! 

MAPLIN ELECTRONIC SUPPLIES 

‘ P.O. BOX 3 RAYLEIGH ESSEX SS6 SLR 

Telephone: Southend (0702) 715155 
■ gB4. London Road, Westcliff-on-Sea, Essex 

HI Monday) Telephone Southend (8702) 71|15 7 















































